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A  SALT  SOLUTION   IN   LOCOMOTOR  ATAXIA. 

By   SAMUEL  A.   MATTHEWS  and  ORVILLE   H.  BROWN. 
[.Frtm  t/it  HuU  PkfH^Bgical  Laberatvry  of  tht  Univeraty  vf  Ckkaie.'\ 

IN  the  pathological  condition  known  as  locomotor  ataxia  or  tabes 
dorsalis,  the  anatomical  changes  are  fairly  well  understood,  but 
the  physiology  of  the  disease,  notwithstanding  the  fact  that  it  has 
been  the  subject  of  much  study,  is  as  yet  very  incompletely  known. 
The  chief  symptoms  result  from  nerve  impairment,  which  may  be 
evidenced  by  an  increase  or  decrease  of  sensation  in  any  part  of  the 
body.  It  is  usually  in  the  lower  limbs,  thus  causing  difficult  walking 
or  standing,  and  around  the  waist,  causing  the  girdle  sensation. 
During  the  early  stages  of  the  disease  the  affected  parts  show  irregu- 
lar areas  of  both  hyperaesthesia  and  partial  anaesthesia.  As  the  dis- 
ease progresses,  the  areas  and  the  degree  of  anxsthesia  increase. 
It  is  not  within  the  scope  of  this  paper  to  discuss  the  pathology  of 
locomotor  ataxia.  Suffice  it  to  say  that  the  anatomical  changes  in 
the  cord  and  in  the  peripheral  processes  of  the  spinal  ganglia  cells 
in  advanced  stages  of  the  disease  are  of  such  a  nature  as  to  preclude 
any  restoration  of  function. 

The  treatment  of  the  malady  usually  recommended  is  purely 
hygienic,  and  its  results  are  unsatisfactory.  It  is  well  known  that 
the  condition  of  such  patients  apparently  fluctuates,  and  that  almost 
any  treatment  causes  them  to  believe  that  an  improvement  has  been 
effected.  However,  under  favorable  conditions,  the  course  of  the 
disease  may  be  arrested,  and  occasionally  an  actual  improvement 
may  occur. 
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Under  very  peculiar  circumstances,  about  a  year  ago,  one  case  of 
tabes  dorsalis  was  very  hesitatingly  and  cautiously  treated  by  an  in- 
jection of  the  following  solution  of  salts  :  250  c.c.  ^  sodium  chloride, 
125  c.c.  f  sodium  sulphate,  120  c.c.  -J^  sodium  citrate,  and  5  c.c- 
I'  calcium  chloride.  Since  that  time  nine  patients  sufTering  from 
the  same  malady  have  been  similarly  treated.  The  results,  though 
quite  void  of  therapeutic  value,  are  interesting  from  a  physiological 
standpoint. 

Cast  I,  February  1,  190$.  —  Mr.  P ,  age  56,  medium  height ;  poorly 

nourished.  The  typical  symptoms  of  locomotor  ataxia  were  present. 
According  to  the  patient's  statement,  the  affliction  had  been  well  defined 
for  fifteen  years.  The  anaesthesia  was  almost  complete,  and  included  the 
feet,  ankles,  legs,  extending  upwards  to  a  line  about  one  and  a  half  inches 
above  the  condyles  of  the  femur,  and  an  area  along  the  small  of  the  back. 
The  man  had  formerly  suffered  extremely  from  the  pains  which  are  so 
characteristic  of  the  disease.  These  pains  were  always  confined  to  the 
areas  which  at  the  time  of  treatment  were  amesthetic.  For  the  past  five 
years  the  pains  had  been  only  occasional,  and  were  not  of  great  severity. 
The  solution  injected  is  mentioned  above.  Between  3  and  5  p.m.  400 
c.c  of  the  mixture  were  injected  into  the  tissues  of  the  upper  lumbar 
region.  At  this  time  no  uncomfortable  feeling  was  observed  by  the 
patient.  He  noticed  that  his  feet  were  warm,  which  was  unusual.  About 
8.30  in  the  evening,  severe  pains  began  in  the  legs.  Concurrent  with  the 
beginning  of  the  pains,  was  a  general  nervous  shock,  characterized  by  a 
muscular  tremor  which  was  particularly  evidenced  in  the  inferior  maxilla, 
and  which  produced  a  chattering  of  the  teeth  similar  to  that  of  a  chill. 
However,  the  patient  was  not  cold,  nor  was  there  any  rise  of  temperature 
observed  by  the  patient.  The  general  nervousness  lasted  for  only  a  few 
hours,  but  the  pains  continued  for  about  forty-eight  hours,  and  then 
gradually  subsided.  These  pains  were  conlined  practically  to  those  areas 
which  the  physical  examination  showed  to  be  anesthetic,  and,  according 
to  the  statement  of  the  patient,  the  pains  were  not  only  suhstantially  the 
same  in  character  and  intensity  as  those  of  previous  years,'  but  were 
conlined  to  the  same  areas,  and  began  in  the  area  lirst  affected  by  the 
disease. 

February  15.  —  A  mixture  of  250  c.c.  'J  sodium  chloride,  75  c.c.  ^ 
sodium  sulphate,  75  c.c.  "  sodium  citrate,  5  c.c.  "  calcium  chloride,  and 
95  c.c.  distilled  water,  was  injected  as  on  February  i.  No  uncomfortable 
effects  were  apparent  until  four  and  a  half  hours  after  the  injection,  when 
the  patient  was  again  attacked  by  the  lightning-like  pains  which  had 
followed  the  injection  on  February  i.  But  the  intensity  of  these  pains 
was  very  much  less,  and  they  lasted  only  about  fifteen  hours. 
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February  22.  — The  patient  was  similarly  treated  as  on  the  15th.  The 
pains  began  about  four  or  five  hours  after  the  injection,  and  lasted  for 
about  twelve  hours,  being  confined  to  the  same  areas.  These  pains  were 
very  much  weaker  than  those  occurring  after  the  treatment  on  the  15th. 

March  H.  —  The  solution  used  in  the  first  treatment  was  injected. 
There  was  liulc  or  no  reaction. 

Case  II,  March  S,  190S.  —  Mr.  Mc ,  age  53,  a  large,  well- nourished  man. 

About  five  or  six  years  ago  symptoms  developed  which  were  characteristic 
of  locomotor  ataxia.  The  case  was  now  well  defined.  Sensation  was  im- 
paired in  the  lower  limbs,  especially  below  the  knees.  The  pains  which 
had  troubled  him  for  several  years,  and  from  which  he  still  suffered,  were 
confined  to  the  lower  limbs,  and  were  more  marked  in  the  places  where 
the  antesthesia  was  the  greatest  He  also  had  abdominal  pains  (the  so- 
called  visceral  crises).  The  same  salts  used  in  Case  I  were  similarly  used 
in  this  case. 

In  general,  the  effect  of  the  injections  was  the  same  as  in  Case  I, ».  a, 
the  characteristic  ataxia  pains  were  produced  in  the  areas  affected. 
There  was  a  recurrence  of  gaslro-intestinal  disturbance,  which  consisted 
of  severe  pains  and  vomiting.  These  symptoms  followed  each  injection, 
with  lessened  intensity,  until  about  the  fifth  treatment,  after  which  they 
were  almost  or  entirely  absent.  Following  the  injection,  and  lasting  for 
ten  or  fifteen  hours,  there  was  an  increase  of  fifteen  or  twenty  beats  in  the 
rate  of  the  pulse,  and  a  rise  of  about  2"  F.  in  temperature.  An  injection 
was  made  each  week,  until  eight  had  been  given.  I'he  last  three  caused 
little  or  no  pain,  but  the  same  pulse  and  temperature  reactions  were  still 
present;  there  was  also  a  nervousness  which  prevented  sleep  for  about 
fifteen  hours  following  the  injections. 

Case  III.  —  Mr.  N ,  age  35.     Printer  by  trade.     For  the  past  four  years 

his  eyes  had  been  troubling  him,  and  he  finally  had  to  give  up  his  voca- 
tion. His  case  had  not  been  diagnosed  as  locomotor  ataxia  until  about 
January  1  of  the  present  year.  He  had  noticed  for  some  time  a  numb- 
ness of  the  little  and  ring  fingers,  and  of  the  corresponding  portion  of  the 
hand  and  forearm  of  the  left  arm.  No  pains  had  been  felt  tn  arms,  face, 
or  abdomen,  but  he  had  been  troubled  with  what  he  called  "  rheumatic 
pains  and  a  general  ache"  below  the  knees.  On  rising,  his  legs  were 
stiff  and  slightly  swelled.  The  physical  examination  showed  that  his 
sensation  to  touch  was  everywhere  very  good,  except  in  his  feet  and 
ankles  to  about  three  inches  above  the  prominence  of  the  ankle  joints. 
On  being  touched  with  cotton,  a  small  area  of  each  instep  was  found  to 
be  hypersensitive,  otherwise  sensation  below  the  line  above-mentioned 
was  either  absent  or  very  slight 

On  January  31,  400  c.c.  of  a  saline  solution  similar  to  that  previously 
mentioned,  was  injected  into  the  tissues  of  the  upper  lumbar  region  a 
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little  to  the  left  of  the  median  line.  Within  about  three  hours  after  the 
conclusion  of  the  injection  uncomfortable  sensations  began,  which  were 
characterized  by  a  peculiar  diffused  ache  in  the  lower  limbs,  especially 
below  the  knees.  He  also  experienced  a  very  peculiar  sensation,  which 
he  said  was  hardly  a  pain,  in  the  area  of  the  left  forearm  and  hand. 
These  peculiar  sensations,  bordering  on  pain,  did  not  entirely  leave  him 
for  about  forty-eight  hours. 

The  other  clses  corroborate  the  results  given  here.  The  salt 
solution  has  been  injected  into  persons  who  did  not  have  locomotor 
ataxia,  but  without  producing  similar  sensations. 

Summary  and  Conclusions. 

1.  The  injection  of  a  mixture  of  250  c.c.  ^  sodium  chloride,  125  c.c. 
^  sodium  sulphate,  120  c.c.  -^  sodium  citrate,  and  5  c.c.  ^  calcium 
chloride,  into  the  subcutaneous  tissues  of  a  man  suffering  from 
locomotor  ataxia,  causes  pains  and  other  sensations  similar  to  those 
experienced  in  the  earlier  stages  of  the  disease.  This  occurs  even 
though  it  has  been  years  since  such  pains  were  first  felt.  The  pains 
decrease  successively  after  each  injection,  until  about  the  fourth  or 
fifth,  after  which  they  may  not  occur  at  all. 

2.  We  cannot  state  that  such  injections  have  any  therapeutic  value, 
though  their  effects  are  of  physiological  interest. 

3.  It  is  possible  that  the  remarkable  locahzation  reaction  may  be 
of  diagnostic  value. 

Our  thanks  are  due  to  Professor  Stewart  and  Dr.  A.  P.  Mathews 
for  criticisms,  and  to  Mr.  E.  T.  Hanley  of  the  class  of  1905  of  Rush 
Medical  College  for  his  assistance  in  a  number  of  the  treatments. 
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THE  PATHS  OF   EXCRETION  FOR  INORGANIC  COM- 
POUNDS.    I.  — THE  EXCRETION  OF  STRONTIUM. 

By    LAFAYETTE    B.   MENDEL    and    HENRY  CLARKE    THACHER. 

[AvM  tie  Sheffiild  Laiorai(rry  ef  Pkyihlogital  Chtmiilry,  Yalt  UHrvertUy.} 


THE  long-established  custom  of  regarding  the  kidney  as  the  only 
organ  of  importance  involved  in  the  elimination  of  either  foreign 
or  naturally  occurring  inorganic  compounds  from  the  body  in  the  case 
of  the  higher  animals,  has  repeatedly  led  physiologists  into  error. 
Various  older  theories  of  the  absorption  of  iron  derivatives  aEFord  a 
conspicuous  illustration  of  this.  The  failure  to  recognize  the  intesti- 
nal epithelium  as  a  factor  concerned  in  the  removal  of  iron  from  the 
system  naturally  allowed  a  false  interpretation  to  be  placed  upon  the 
occurrence  of  this  element  in  the  faeces.  To  the  earlier  observers, 
iron  in  the  stools  was  a  direct  indication  of  lack  of  iron-absorption, 
particularly  in  view  of  the  extremely  scanty  elimination  of  ferric  salts 
usually  noted  in  the  urine  during  the  same  period.  But  the  estab- 
lishment of  the  fact  that  the  gut  may  be  directly  concerned  in  the 
excretion  as  well  as  in  the  absorption  of  the  iron  compounds  made 
possible  a  new  interpretation  of  the  earlier  observations.  Iron  might 
now  be  present  in  the  contents  of  the  alimentary  canal,  either  owing 
to  the  failure  to  be  absorbed,  or  equally  well  because  it  had  been  dis- 
charged into  this  channel  through  the  epithelial  walls.  It  became 
necessary  to  follow  the  paths  of  elimination  when  the  introduction  of 
the  element  directly  into  the  alimentary  canal  was  avoided.  And 
since  it  has  been  found  that  iron  may  be  introduced  either  subcu- 
taneously  or  even  directly  into  the  blood-current,  without  producing 
any  marked  increase  in  the  output  in  the  urine,  while  the  feces  may 
contain  noticeable  quantities  of  it,  the  significance  of  the  intestine 
with  reference  to  the  elimination  of  this  element  becomes  apparent. 

A  more  careful  study  of  the  excretory  channels  for  other  elements 
has  revealed  somewhat  similar  conditions,  particularly  in  the  case  ■ 
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calcium '  and  of  phosphorus  compounds.'  Various  organic  poisons, 
including  morphine  and  snake  venoms,  have  long  been  known  to  be 
secreted  into  the  stomach  and  other  parts  o£  the  alimentary  canal 
when  they  are  introduced  subcutaneously  into  the  body.^  Among 
inorganic  substances,  the  salts  of  manganese  appear  to  show  a  behav- 
ior entirely  comparable  with  that  of  iron  ;  magnesium,  bismuth,  zinc, 
lithium,  and  caesium  also  enter  the  intestine  in  noticeable  quantities 
when  they  are  introduced  in  ways  other  than  per  os;  while  under 
similar  conditions  nickel,  cobalt,  lead,  arsenic,  and  mercury,  have  been 
detected  in  the  feces.*  In  most  cases,  however,  the  quantitative  data 
available  are  too  meagre  to  afford  any  convincing  conclusion  regard- 
ing the  relative  importance  of  the  gut  as  an  excretory  channel  for 
these  elements.  Observations  like  those  recently  reported  by  Good, 
in  which  lithium  was  found  to  be  excreted  into  the  stomach  and  in- 
testine in  larger  quantity  than  through  the  kidneys,  indicate  the 
desirability  of  more  extensive  investigation  carried  out  with  this  point 
in  mindi  Not  only  are  we  for  the  most  part  uninstructed  regarding 
the  relative  participation  of  the  gut  as  an  excretory  organ  under  con- 
ditions like  those,  for  example,  which  pertain  in  renal  insufficiency ; 
but  we  are  also  just  beginning  to  appreciate  the  significance  of  such 
an  excretory  function  in  the  local  reaction  and  responses  throughout 
the  intestine,  and  the  consequent  therapeutic  possibilities.  Thus  the 
treatment  of  certain  intoxications  by  gastric  lavage,  and  the  more 
rational  interpretation  of  the  mode  of  action  of  the  saline  purgatives 

1  Cf.  Rev:  Archiv  fur  experimcDtelle  Pathologic  und  Pharmakologie,  1895, 
XXXV,  p.  295. 

'  Cf.  Noel  Paton,  Dunlop  and  Aitcrison  :  Journal  o[  physiology-,  1900, 
XXV,  p.  212;  Bkrgmann:  Archiv  fiir  experimen telle  Pathologic  und  Pharmakol- 
ogie,  1901,  xlvii,  p,  77;  also  unpublished  experiments  by  Dr.  F.  P.  Underhiu.  in 
this  laboratory. 

'  Cf.  KuNKEL:  Handbuch  der  Toxikologie.  1901,  pp.  54-55. 

*  Cf.  Harnack  :  Archiv  fur  experimen telle  Pathologic  und  Phannakologie, 
1901,  xlvi,  p.  372  (manganese) ;  Meyer  und  Steinfelo  ;  Ibid.,  1885,  xx.  p.  40 
(bicmuth);  LusK:  American  text-book  of  physiology  (magnesium);  SachER; 
Arbeiten  aua  dem  pharmakologischcn  Institut,  Dorpat,  1893,  ix.  p.  88  (zinc)  1 
Good:  American  journal  of  the  medical  sciences,  1903,  cxxv.  p.  273  (lithium); 
Ha.vford  :  This  journal,  1903,  ix,  p.  214  (cxiium)  ;  Stuart  :  Journal  of  anatomy 
and  physiology,  1884,  xviii,  p.  89  (nickel  and  cobalt);  Mann:  British  medical 
jouroal,  1893,  Feb.  25  O^i"^)'  Heffter  ;  Ergebnisse  der  Physiologie,  1903,11,(1), 
pp.  116-117  (arsenic);  Schuster:  Jabresbericht  fiir  Thicrchemie,  1882,  xit, 
p.  1 18  (mercury).  The  preceding  list  of  references  is  not  intended  in  any  way  to 
be  exhaustive. 
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ia  the  light  of  recent  work  are  at  once  suggested.^  With  considera- 
tions of  this  sort  in  view  the  writer  has  for  some  time  had  in  progress 
a  series  of  observations  planned  to  extend  our  knowledge  of  the  paths 
of  excretion  of  various  substances.^  The  experimental  work  recorded 
in  this  paper  on  strontium-excretion  has  been  undertaken  almost 
entirely  by  Mr.  Thacher. 

11. 
The  salts  of  strontium  have  been  selected  for  study  in  the  present 
instance  because  of  its  chemical  relationship  to  calcium,  —  an  element 
involved  in  significant  physiological  reactions, —  rather  than  in  view 
of  any  demonstrated  therapeutic  properties.  Furthermore,  since  it  is 
never  found  normally  in  animals,  and  is  readily  detected  in  small 
quantities  by  its  spectroscopic  properties,  strontium  may  readily  be 
traced  in  the  organism.  Its  compounds  are  usually  stated  to  re- 
semble those  of  barium  and  calcium  in  their  general  physiological  and 
toxicological  action.  Considerable  doses  have  been  given  by  way  of 
the  mouth  without  producing  serious  symptoms.  There  are,  however, 
almost  no  data  at  hand  regarding  the  extent  of  its  absorption  and  the 
paths  of  elimination.^  Strontium  does  not  appear  to  induce  chronic 
forms  of  intoxication,  although  it  has  been  found  stored  up  in  the 
bones  of  growing  animals,  possibly  replacing  calcium  under  these 
conditions.  After  feeding  dogs  for  many  days  with  strontium  salts, 
Laborde*  found  traces  of  the  metal  in  the  urine,  while  the  faeces  con- 
tained it  in  larger  amounts.  From  the  bones  of  a  dog  which  had  re- 
ceived strontium  phosphate  equivalent  to  265  gms.  of  the  metal  in  the 
course  of  1 1 1  days,  only  0.63  gm.  could  be  recovered.  The  observa- 
tions suggest  that  strontium  may  leave  the  body  in  the  urine,  while 
they  give  little  indication  regarding  the  extent  of  actual  absorption. 
The  study  of  the  distribution  of  strontium  bromide  carried  out  by 
Firi  *  and  others  offers  no  direct  evidence.  The  experiments  made 
on  dogs  by  Raudnitz"  to  determine  the  place  and  conditions  for  the 

'  Cf.  MacCallum  :  This  journal,  1903,  x,  p.  101  and  p.  259. 
'  Observations  on  the  elimination  of  cxsium  have  a.Iready  been  published  from 
this  laboratory  by  G.  A.  Hanford  In  this  journal,  1903,  ix,  p.  235. 

•  Cf.  Hefftek:   Ergebnisse  der  Physiologic,  1903,  ii,  (1),  p.  131. 

<  Labordb:  Comptes  rendus  de  ta  soci^t^  de  biologie,  1890,  xlii,  p.  453  and 
p.  458;  1891,  xlili,  p.  562. 

'  FfiKfi  :  Ibid.,  1892,  Jcliv,  p.  513. 

*  Kaudkitz:  Archiv  fiir  experimentelle  Pathologie  und  Pharmakologie,  1893, 
xjwi,  p.  343. 
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absorption  of  the  alkali  earth  (calcium  and  strontium)  salts  showed 
that  this  process  goes  on  largely  in  the  duodenum,  the  solublechlorides 
being  absorbed  far  more  rapidly  than  the  phosphates  and  carbonates. 
This  investigator  was  unable  to  detect  strontium  in  the  Itgated  ileum, 
caecum  or  large  intestine,  although  traces  were  found  in  the  liver  and 
in  the  urine.  In  one  case  in  which  0.62  gra.  of  strontium  chloride 
was  introduced  into  the  jugular  vein,  the  element  could  not  be  detected 
in  the  intestinal  contents  five  hours  later,  although  it  had  disappeared 
completely  from  the  blood.  In  endeavoring  to  obtain  some  proof  of 
the  absorption  of  strontium,  H.  C.  Wood,  Jr.,'  confirmed  on  man  the 
observations  of  Laborde.  He  found  traces  of  the  metal  in  the  urine 
of  the  first  day,  but  none  on  the  second  day  following  the  administra- 
tion of  3  gms.  of  the  lactate  ( l  .89  gms.  strontium)  per  os.  During  the 
same  time  10  per  cent  of  the  strontium  ingested  was  recovered  from 
the  fsces.  Wood  writes :  "  This  result  is  capable  of  several  explana- 
tions ;  it  is  possible  that  the  strontium  is  not  absorbed  and  very  slowly 
passes  out  from  the  alimentary  canal,  owing  to  its  weight  causing  it 
to  cling  to  the  mucous  membranes ;  or  it  is  possible  that  being  more 
Urgely  absorbed  than  is  apparent,  it  is  eliminated  with  great  slowness. 
The  latter  conclusion,  however,  is  highly  improbable  in  the  face  of  the 
fact  that  the  strontium  disappeared  from  the  urine  within  twenty-four 
hours.  If  absorption  and  retention  were  the  case,  certainly  there 
should  have  been  as  much  strontium  in  the  urine  on  the  second  as  on 
the  first  day.  It  is,  of  course,  possible  that  the  discharge  of  strontium 
with  the  fasces  may  have  depended  upon  an  elimination  of  absorbed 
strontium  by  the  intestinal  mucous  membrane."  In  an  experiment 
directed  toward  the  determination  of  the  latter  possibility,  a  dog  was 
given  strontium  lactate  hypodermically,  but  no  strontium  was  detected 
within  seventy-two  hours  in  either  urine  or  fseces;  on  the  other  hand, 
H.  C.  Wood,  Sr.  and  Arnold'  recovered  0.2  gm.  strontium  sulphate 
from  the  faeces  of  a  dog  which  had  received  2  gms.  strontium  nitrate 
hypodermically,  while  the  total  urine  of  the  subsequent  ten  days  con- 
tained onlya  minimal  quantity.  The  same  investigators,  experiment- 
ing on  man,  found  that  soluble  salts  of  strontium  taken  by  way  of  the 
mouth  do  not  escape  from  the  body  in  the  urine  to  any  extent. 

The  few  investigations  just  reviewed  leave  much  to  be  ascertained 
regarding  the  fate  of  strontium  in  the  body.  They  merely  indicate 
that  its  salts  may  be  absorbed  in  part  at  least  and  eliminated  in 

I  H.  C.  Wood,  Jr.  :  This  journal,  1898,  i,  p.  83. 

'  H.  C.  Wood  and  J-  P.  Arnold  :  Philadelphia  medical  journal,  April,  1899. 
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traces  in  the  urine ;  and  unless  there  has  been  long-continued  admin- 
istration, the  strontium  is  reported  to  disappear  from  the  latter  within 
a  very  short  time.  No  light  is  thrown  upon  other  possible  channels 
for  the  ultimate  removal  of  the  foreign  salt,  further  than  in  the  ex- 
periments already  quoted. 

III. 

The  new  observations  to  be  recorded  were  made  upon  dogs,  cats, 
and  a  rabbit.  Since  the  experiments  were  designed  especially  to 
determine  the  function  of  the  gastro-intestinal  canal  in  excretion,  it 
became  desirable  to  introduce  the  strontium  in  some  way  other  than 
per  OS.  Sterile  solutions  containing  about  four  per  cent  of  strontium 
acetate  were  introduced  subcutaneously  with  aseptic  precautions,  and 
their  distribution  was  facilitated  by  gentle  massage;  intraperitoneal 
and  intravenous  injections  were  also  tried.  After  the  injections,  the 
skin  was  always  carefully  cleansed  to  avoid  the  possibility  of  having 
traces  of  strontium  licked  off  by  the  animals.  The  latter  were  kept 
in  metallic  ci^es,  and  the  urine  and  fxces  were  separately  collected, 
unless  this  was  made  impossible  by  diarrhoea  (which  added  consid- 
erable difficulty  to  our  earlier  experiments).  A  mixed  diet  was  found 
to  prevent  these  disturbances  to  a  considerable  extent, ' 

Mstbod*  of  uMUyaU.  —  In  the  examination  of  the  fzces  and  tissues 
for  strontium,  a  slight  modification  of  the  method  used  by  H-  C. 
Wood,  }r.}  was  followed.  The  dried  materials  were  incinerated  with 
the  aid  of  ammonium  nitrate,  and  then  fused  in  a  nickel  or  silver 
dish  with  potassium  hydrate  and  sodium  carbonate.  The  fusion  mass 
containing  the  insoluble  carbonates  of  strontium  and  calcium,  etc., 
was  extracted  with  hot  water,  the  residue  dissolved  in  dilute  nitric  acid  ' 
and  almost  neutralized  with  ammonium  hydroxide.  Ferric  chloride 
was  then  added  in  excess,  followed  by  sufficient  sodium  carbonate 
to  cause  incipient  precipitation,  and  finally  just  enough  acetic  acid 
to  produce  a  dear  solution.  When  this  was  poured  into  a  large 
volume  of  hot  water  containing  an  excess  of  neutral  ammonium  ace- 
tate, a  separation  was  effected,  depending  upon  the  insolubility  of 
ferric  phosphate  in  dilute  acetic  acid,  and  the  tendency  of  dilute 
ferric  acetate  to  form  basic  acetates  in  dilute  hot  solutions.  As  long 
as  the  reaction  is  acid,  the  alkali  earth  cannot  be  lost.  The  filtrates 
and  washings  were  boiled  with  ammonium  chloride,  ammonium  hy- 
droxide, and  ammonium  carbonate ;  the  washed  precipitate  of  calcium 

>  See  H.  C.  Wood,  Jr.  :  This  jounul,  189S,  i,  pp.  83,  84. 
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and  strontium  carbonates  was  dissolved  in  weak  nitric  acid,  concen- 
trated and  then  examined  spectroscopically.  When  a  quantitative 
estimation  was  desired,  the  resulting  syrup  was  evaporated  several 
times  to  dryness  with  nitric  acid,  and  the  nitrates  were  separated  by 
treatment  with  amyl  alcohol  (in  which  calcium  nitrate  alone  is  sol- 
uble).  The  residue  of  nitrate  of  strontium  was  dissolved  in  water, 
precipitated  with  sulphuric  acid  in  the  presence  of  25  to  35  per  cent 
alcohol,  filtered  on  a  Gooch  crucible,  washed,  dried,  and  weighed. 
The  above  procedure  differs  from  that  employed  by  Wood  in  two 
points:  (i)  the  fusion  of  the  ash  with  sodium  carbonate,  —  a  process 
which  was  introduced  at  the  suggestion  of  Professor  H.  L.  Wells 
to  eliminate  the  possibility  of  the  loss  of  any  strontium  as  sulphate ; 
(2)  the  use  of  the  more  satisfactory  separation  with  arayl  alcohol  in  the 
final  operation.  In  the  examination  of  the  urines  it  was  found  easier 
and  equally  satisfactory  to  precipitate  the  alkali  earths  directly  by 
boiling  with  ammonium  hydroxide  and  carbonate,  and  then  to  treat 
the  precipitated  salts  alone. 

In  testing  the  delicacy  of  these  methods  for  qualitative  purposes, 
10  mgm.  of  strontium  in  300  c.c.  of  urine  could  easily  be  detected  by 
any  process.  With  smaller  quantities,  however,  the  fusion  method 
seemed  to  give  better  results.  In  no  case  could  3  mgm.  strontium 
be  detected  in  3CX)  c.c.  of  urine.  A  quantitative  test  with  the  fsces 
was  not  made ;  the  detection  of  small  amounts  of  the  metal  in  them 
must,  however,  be  rendered  less  certain  by  the  character  of  the  mate- 
rials present. 

Protocols  of  Some  Experiments. 
I.  A  rabbit  received  a  subcutaneous  injection  of  50  c.c.  of  approximately  4  per 
cent  strontium  acetate  solution  (containing  0.7S  gm.  metallic  strontium 
by  analysis).    The  urine  and  teces  were  examined  for  strontium,  with  the 
results  indicated  in  the  table  on  page  11. 

The  results  obtained  with  the  urine  correspond  with  those  noted 
in  man  by  H.  C.  Wood,  Jr.  The  n^ative  test  recorded  in  one 
case  with  the  faeces  may  have  been  due  to  the  small  amount  of  the 
latter  collected  at  that  period  (34  hrs.),  readily  permitting  a  trace  of 
strontium  to  escape  notice. 

Six  days  after  the  injection  was  made,  the  animal  received  a  second  one 
of  75  c.c.  (containing  1.16  grams  strontium).  The  urine  was  collected 
in  three  daily  periods,  and  the  rabbit  then  killed.    A  slight  inflammation 
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was  noted  at  the  points  of  injection.  The  urine  of  iSit  first  day  only  gave 
a  test  for  strontiutn.  The  element  was,  however,  readily  detected  in  the 
teces  of  the  seeond  day.  Post  mortem,  the  stomach  contents  contained 
DO  strontium ;  the  intestittal  contents  gave  a  very  strong  test  for  it 


Period  after  the  6rat 
injeciioD. 

Urine. 

Fasces. 

1  hour.' 

Faint  spectroscopic  trace. 

■4  hours.' 

Strong  test. 

6  hours.' 

Strong  test. 

Strontium  detected. 

6-21  hours. 

Faint  trace. 

Strong  test. 

21-25  hours. 

No  strontium. 

25-34  hours. 

•• 

Negative  test. 

34-18  hours. 

*■ 

56-70  hours. 

" 

Strong  test. 

70-9*  hours. 

" 

»  The  urine  wis  removed  by  catheter  to  prevent  any  contamination  of  the  (xces. 

A  dog  of  IS  Icilos,  anaesthetized  with  A.  C.  E-  mixture,  received  a  sub- 
cutantous  injection  of  too  c.c.  of  4  per  cent  strontium  acetate  solution 
(containing  1.55  grams  strontium).  The  animal  was  strongly  affected 
by  the  injection ;  the  urine  contained  increasing  quantities  of  blood,  and 
death  occurred  at  the  end  of  the  fourth  day.  The  subcutaneous  tissue  at 
the  site  of  the  injection  was  greatly  inflamed.'  Strontium  was  searched 
for  as  follows : 


Day. 

Urine. 

Farces. 

I 
2 
3 

4 

Strong  lest. 

Trace  o(  strontium. 

Strong  test. 

'  The  irritation  at  the  seat  of  injection,  in  this  and  other  experiments,  corre- 
sponds with  the  local  effects  described  by  Wooo  and  Arnold  {Ioc.  cit.)  after 
hypodermic  injectioos  in  man  and  animals.     They  observed  considerable  local 
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The  entire  alJmeDtary  canal  was  examiaed,  and  strontium  was  found  in 
the  contents  of  the  large  intestine  alone.  The  presence  of  strontiuni  in 
the  urine  after  the  first  day  was  not  demonstrated  in  other  experiments, 
—  a  &ct  possibly  connected  with  the  pathological  conditions  in  the 
kidneys  in  this  case. 

III.  A  cat  received  an  intraperitoneal  injection  of  41  c.c.  of  4  per  cent  stron* 
tium  aceute  solution  (containing  0.64  gram  strontium).  The  excretions 
were  separately  examined,  in  daily  periods  when  possible,  with  the  follow- 
ing  results : 


Period. 

Urine. 

Fzc«. 

MUed  arine  and  fa»:es. 

After  l-honr. 

No  itfontium. 

-     Idmy. 

StroDtlnm  in  trace. 

*'     2  days. 

No  strontium. 

"     4diy8. 

Strong  test  for  itrontiuin. 

"     5  day.. 



"     6  day.. 

Fair      "    " 

"     7  days. 

"     8day». 

"  16  days. 

"   17  days. 

Slight    "    " 

"   18  days. 

Although  a  persistent  diarrhoea  rendered  the  separate  collection  of  urine 
and  fxces  impracticable  for  several  days,  the  failure  to  detect  sUontiutn 
in  the  urine  of  the  second  day  and  later  indicates  that  the  bowel  formed 
the  chief  channel  of  excretion  after  that  time.  The  slow  elimination  of 
the  metal  indicated  by  this  experiment  readily  accounts  for  the  small 
amounts  present  from  day  to  day. 

IV.  A  dog  of  9  kilos  received  (during  A.  C.  £.  ansesthesia)  a  subcutaneous 
injection  of  35  c.c.  4  per  cent  strontium  acetate  solution  (containing  0.3S 

pain  and  sloughing  in  one  case,  and  were  forced  to  discontinue  this  method  of 
administration  in  man.  Under  such  conditions,  it  is  questionable  whether  the  salt 
is  completely,  or  even  in  part,  absorbed.  Unfavorable  effects  were  avoided  by  us 
in  our  later  experiments  by  the  method  of  diffused  injections  described  in  Experi- 
ment VIM. 


ibyGoogle 


The  Excretion  of  Strontium. 


13 


gram  strontium).  The  animal  was  under  observation  for  six  days. 
Owing  to  recurrent  diaTihteas  uncontaminated  urine  was  obtained  (by 
catheter)  on  the  second  day  only.  It  was  free  from  strontium.  Fseces 
collected  free  from  any  urine  on  the  last  four  days  gave  strong  tests  for 
strontium ;  on  the  first  day  traces  were  observed  in  the  fieccs. 

V.  A  10  kilo  dog  (anesthetized  with  A.  C.  E.  mixture)  received  15  c.f.  4  per 

cent  strontium  acetate  solution  (containing  0.39  gram  strontium)  sub- 
cutatteouily.  The  animal  was  killed  at  the  end  of  thirty  hours.  The 
stomach  contents  contained  no  strontium ;  the  intestinal  contents  gave  a 
foir  test ;  faeces  collected  after  twenty-four  hours  yielded  a  good  reaction. 

VI.  A  cat  was  given  a  subeutaneous  injection  of  30  c.c.  strontium  acetate 
solution  (containing  0.31  gram  strontium)  during  anEesthesia.  The  urine 
and  fieces,  obtained  entirely  separate,  were  analyzed  quantitatively  at 
intervals.     Diaxibcea  was  largely  avoided  by  a  restricted  diet  of  meat. 


Output  of 

Strontium. 

D.y. 

Urine. 

Fices. 

1-3 

L'nwelghable  trace. 

7 

a0l64  gm.  SrSO,  =  0.0076  gm.  Sr.' 

13 

0.0012    ■•        ■'        =0.0006    "      ■" 

18 

0.0637  '■     ■'     ^aroo*  ■•    " 

» 

00366   "       "       =a0175    •■      V 

<  The  figures  for  these  Iwo  days  are  tm  low,  owing  to  the  inaccurate  method 

VII.  A  dog  of  10  kilos  received  subcutantously  50  c.c.  of  the  strontium 
acetate  solution  (containing  0.78  gram  strontium)  during  anaesthesia. 
The  animal  was  somewhat  prostrated  for  a  day  or  two ;  in  view  of  the 
inflammation  at  the  points  of  injection,  it  is  by  no  means  certain  that  all  ot 
the  material  injected  was  ever  absorbed.  During  fourteen  days  the  fteces 
were  collected  at  intervals  free  from  urine,  and  analyzed  with  the  following 
results : 
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Day. 

SrSO,. 

Sr. 

2 

0.0314  gm. 

0,0150  gm.» 

4 

0.0507    " 

a0242   ■'  ' 

10 

a0331    " 

a0158   "  1 

13 

0.2847   " 

0.1359   ■' 

14 

a0990   " 

0.0473   - 

I  Here  alio  the  reaulU  are  loo  low,  owing  to  pre- 
cipitation of  the  sulphate  in  aqueous  solution,  as  ex- 
plained under  EiperimenI  VI. 

VIII.  A  dog  of  6  kilos  received  subcuianeously  during  ansesthesb  15  c.c.  of 
the  strontium  acetate  solution,  followed  four  days  later  by  10  c.c.  of  the 
same  solution,  —  a  total  of  0.543  gram  strontium.  By  introducing  the 
solution  in  several  (5)  places,  the  local  irritating  action  was  avoided  and 
no  inflammation  resulted,*  A  restricted  diet  of  meat  and  lard  was  fed. 
The  urine  and  fseces  were  collected  separately,  with  practically  no  loss,  for 
twenty-one  days.  The  total  urine  during  this  period  contained  an  un- 
weighable  trace  of  strontium ;  the  total  fxces  contained 

a2092  gram  SrSO,  =  00996  gram  Sr. 

Unusually  small  amounts  of  calcium  were  found  in  both  urine  and  teces, 
—  an  observation  which  suggested  a  possible  explanation  for  the  relatively 
small  quantity  of  strontium  recovered.  Accordingly  the  next  experiment 
was  made. 

IX.  A  dog  of  14  kilos  was  given  subculamously  18  c.c.  of  the  strontium 
acetate  solution  (containing  0.28' gram  strontium),  the  injection  (during 
ansesthesia)  being  scattered  at  several  places,  as  in  Experiment  VIII. 
The  same  diet  also  was  fed,  with  the  addition  of  one  or  two  small  bones. 
During  seventeen  days  all  fxces  and  urine  were  separately  collected  and 
examined.  Strontium  could  not  be  detected  in  the  urine.  In  addition 
to  a  very  large  amount  of  calcium,  the  feces  contained 

a49S  gram  SiSO(  =  0,237  gram  Sr. 


■  Compare  the  remarks  in  footnote  i,  p.  i 
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IV. 
The  complete  elimination  of  strontium  takes  place  with  such  slow- 
ness that  considerable  interest  is  attached  to  the  detection  of  the 
localization  of  this  element  in  the  tissues.  Despite  the  earlier  con- 
troversy on  the  subject,'  it  seems  to  be  well  established  by  the  more 
recent  observations  of  Cremer,'  and  Weiske '  that  after  prolonged  feed- 
ing of  strontium  salts,  especially  when  added  to  a  diet  poor  in  calcium, 
strontium  may  accumulate  in  the  bones.  Under  such  conditions, 
Weiske  found  over  four  per  cent  of  strontium  oxide  ;  like  Raudnitz 
and  Laborde,  he  also  found  traces  of  it  in  the  liver  and  some  other 
tissues.  We  have  made  an  examination  of  parts  of  a  few  animals, 
with  results  as  follows : 


Animil. 

Dose. 

Time  elapsed. 

Strontium  tuts. 

Cat. 

0J9   gm.    intniven- 
ouil7. 

Zdays. 

Strong  reaction  with  bone  ; 
test  with  muscle;  none 
in  blood. 

Cat. 

a39  gm.  subcutane- 

ouily. 

19  houra. 

Strong  reaction  with  bone; 
none    obtained     from 
blood,  muscle,  liver,  or 
brain. 

Dog  (II). 

1.55  ems.  subculane- 
ously. 

5  days. 

Trace  in  the  entire  liver. 

Rabbit  (I). 

1.16  ems.  subcuiane- 
ously. 

3  days. 

None  in  the  liver. 

J.  B.  MacCallum*  has  demonstrated  that  the  so-called  saline  pur- 
gatives are  effective  after  intravenous  or  subcutaneous  injection,  as 
well  as  when  they  are  introduced  directly  into  the  intestinal  tract. 
Barium  chloride  is  particularly  active  and,  like  the  others,  gives  rise 
to  an  increased  secretion  of  fluid  into  the  intestine.  The  peristaltic 
movements  produced  can  be  suppressed  by  the  application  of  solu- 
tions of  calcium,  magnesium  or  strontium  chloride.  Since  all  these 
salts  are  most  efficient  when  they  reach  the  intestinal  wall  by  way 


,  P-  3'7i  for  references  t 


the 


'  C/.  Jafaresbericbt  fUr  Thierchemie,  1874, 
literature. 

'  Cbemer:  Sitzungs-Berichte  der  Gesellschaft  (iir  Morphologie  uod  Physiol- 
ogie  in  Miincheo,  1891,  vii,  p.  124. 

*  Weiske:  Zeitschrifl  fiir  Biologic,  1894,  xxxi,  p.  411. 

•  MacCallum  :  This  jouroal,  1903,  x,  p.  101 ;  1904,  x,  p.  263. 
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of  the  circulation,  tt  seems  reasonable  to  assume  a  functional  connec- 
tion between  the  physiological  action  of  the  salts  on  the  gut,  and  their 
elimination  by  passage  (secretion)  through  the  walls  of  the  intestinal 
tract.  For  calcium,  magnesium  and  strontium  salts,  this  path  of 
elimination  has  now  been  demonstrated.  Whether,  as  seems  prob- 
able, barium  salts  are  likewise  excreted  by  the  bowel,  we  hope  soon 
to  ascertain  definitely;  their  presence  in  the  saliva  has  been  shown 
by  Neumann.' 

V.    Summary  of  the  More  Important  Observations, 

Strontium  salts  are  eliminated  to  a  relatively  small  extent  only  by 
the  kidneys,  even  after  direct  introduction  into  the  circulation.  The 
excretion  in  the  urine  begins  soon,  and  ceases  usually  within  twenty- 
four  hours. 

The  larger  portion  of  the  strontium  eliminated  is  found  in  the 
faeces,  whether  the  introduction  of  the  element  be  per  os,  subcutane- 
ously,  intravenously,  or  intraperitoneally. 

The  place  of  excretion  is  apparently  restricted  to  the  region  of  the 
alimentary  tract  beyond  the  stomach.  A  functional  relation  to  cer- 
tain phenomena  of  intestinal  peristalsis,  etc.,  is  suggested. 

The  rate  of  elimination  is  slow,  and  is  apparently  influenced  by  the 
calcium-content  of  the  food. 

Strontium  is  found  deposited  in  the  body  chiefly  in  the  bones; 
traces  may  he  met  with  in  the  liver  and  muscles. 

'  J.  Neumann  :  Archiv  fur  die  gesammte  Physiologie,  1885,  xxxvi,  p.  576. 
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I,   Introductory. 

DURING  the  course  of  a  series  of  experiments  undertaken  to  de- 
termine whether  the  serum  of  rabbits  which  had  been  rendered 
tolerant  to  nicotine,  would  protect  guinea-pigs  against  an  ordinarily 
fatal  dose  of  nicotine,  some  interesting  facts  in  regard  to  toxicity  were 
observed.  The  primary  object  of  the  research  was  not  attained,  how- 
ever, owing  in  part  to  the  difficulty  of  rendering  rabbits  sufficiently 
tolerant,  and  in  part  to  the  inability  to  fix  the  fatal  dose  of  nicotine  in 
guinea-pigs  with  sufficient  exactness. 

In  the  earlier  experiments  upon  both  rabbits  and  guinea-pigs  pure 
nicotine  in  one  per  cent  solution  was  used,  but,  as  this  is  strongly 
alkaline  and  its  injection  painful  in  nearly  all  the  experiments,  the 
alkaloid  was  converted  into  the  sulphate  by  the  addition  of  deci-nor- 
mal  sulphuric  acid.  In  every  case  the  dose  is  calculated  in  pure 
nicotine,  and  is  expressed  in  milligrams  per  kilogram  of  body 
weight,  one  per  cent  solutions  being  employed  by  hypodermic 
injection.' 

'  Blyth  ("  Poisons,  Their  Effects  and  Detection,"  1885,  i,  p.  243)  states  that 
forty-nine  parts  of  sulphuric  acid  correspond  to  one  hundred  and  sixty-two  parts 
of  nicotine;  Hacek  ("  Fharmaceutische  Praxis,"  1900,  ii,  p.  477)  gives  half  this 
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II.  Picture  of  Poisoning. 
The  first  symptoms  following  the  hypodermic  injection  of  a  fatal 
dose  of  nicotine  in  the  rabbit   usually   appear  within  five  minutes. 
There  are  swaying  movements  of  the  body,  caused  by  loss  of  co-ordi- 
nation.    The  ear-vessels  are  dilated,  but  may  be  caused  to  contract 

TABLE  I. 

Record  of  Nicotine 

The  black  figures  al  the  )ie>d  of  columni  indical«  ihe  day  of 

R  and  5  were  used  merely  to  obMTve 


Ani 
mal 

1 

s 

S 

4 

S 

e 

7 

9 

10 

11 

IS 

IS 

14 

15 

IS 

IS 

19 

SO 

SI 

A 

10 

12.5 

1S.0 

20 

1 

B 

10 

15.0 

20.0 

25 

C 

IZ 

15.0 

2ao 

D 

10 

15.0 

17.5 

20 

22.5 

25 

30.0 

35 

3S.0 

35 

36J 

E 

10 

IS.0 

17.5 

20 

20 

22.5 

25 

27.5 

F 

10 

1S.0 

17.S 

20 

20.0 

20 

20 

25.0 

26.5 

U 

10 

1S.0 

17.5 

22.5 

H 

15 

20 

23^ 

K 

15 

17.5 

200 

20 

25.0 

20 

L 

15 

15.0 

.. 

IS 

20 

20 

M 

15 

1S.0 

15.0 

15 

20 

20 

N 

15 

21 

24 

27 

30 

O 

IS 

19.0 

P 

10 

15.0 

20.0 

22 

Q 

IS 

16 

17.0 

18 

19.0 

20 

16 

instantly  by  slight  stimulation,  such  as  blowing  upon  the  body.  This 
reaction  is  lost  when  the  poisoning  is  more  advanced,  the  vessels  re- 
maining dilated.  The  animal  rests  upon  the  belly,  the  legs  out- 
stretched,  the  nose  gradually  approaching  the  floor,  and  then  the  head 

amount  of  acid.  According  to  the  figures  of  BIyth,  the  nicotine  used  in  my  ex- 
periments, the  purest  obtainable  in  ordinary  commercial  channels,  was  ninety- 
seven  per  cent  of  absolute  nicotine. 
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tending  to  rest  upon  the  cheek;  about  this  time  clonic  convulsions 
occur,  affecting  the  fore  or  hind  limbs,  or  general  in  character.  The 
respiration  becomes  slower,  and  ceases  before  the.  heart  stops. 

The  pupil-effects  are  not  constant;  the  pupils  may  be  dilated  or 
very  much  contracted.  Defecation  does  not  usually  occur  when 
death  is  early,  and  the  same  may  be  said  of  urination ;  violent  perts- 

TABLE  I. 

Ikjections  into  Rabbits. 

observation  1  the  figurei  in  the  column*  the  doae  (mg.  per  kg.). 

symptoms  and  effect  of  heat  and  cold. 
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taltic  movements  of  the  intestines  may  nearly  always  be  seen  through 
the  intact  skin  after  death.  After  doses  just  fatal,  death  commonly 
results  within  an  hour  and  a  half;  in  nearly  fatal  cases  the  animal 
becomes  practically  normal  in  from  two  to  three  hours. 

Artificial  respiration  was  tried  in  a  number  of  cases  where  death 
was  e\'idently  imminent,  but  in  no  case  did  it  save  the  animal. 
Marked  improvement  was  seen  in  several  cases  where  artificial  heat 
was  applied.     This  was   strikingly  shown    in   the   cases   of   rabbits 
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R  and  S.  The  room-temperature  being  about  five  degrees  C-  they 
were  kept  warm  by  placing  them  near  a  large  can  filled  with  hot 
water.  During  the  first  forty  minutes  of  the  experiment  S  did  not 
exhibit  symptoms  of  extreme  intoxication,  whereas  R  did  so  almost 
from  the  beginning.  Owing  to  a  slight  delay  in  refilling  the  can 
when  it  became  cooled,  both  rabbits  were  somewhat  chilled,  and  im- 
mediately showed  signs  of  great  depression  ;  upon  reapplying  beat,  R 
began  to  improve  at  once,  but  S  died  about  twenty  minutes  later,  just 
an  hour  from  the  beginning  of  the  experiment;  but  for  this  chilling 
there  is  but  little  doubt  that  recovery  would  have  followed. 

When  the  animal  rests  with  wide-stretched  legs,  nose  to  the  floor, 
and  head  inclined  toward  the  side,  with  the  respiration  slowed,  it 
may  be  taken  as  certain  that  the  dose  is  not  very  far  from  the  fatal 
amount. 

In  guinea-pigs  the  symptoms  do  not  vary  so  much  with  the  size  of 
the  dose,  and  it  is,  therefore,  frequently  impossible  to  state  whether  the 
dose  was  very  nearly  fatal  or  not. 

After  the  hypodermic  injection  of  a  fatal  or  nearly  fatal  dose  of 
nicotine  in  the  guinea-pig,  salivation  and  rapid  chewing  are  noticed 
within  one  minute,  convulsions  occur  in  from  one-half  to  three  min- 
utes, the  animal  falling  upon  its  side  and  executing  rapid  pawing 
movements  of  the  forelegs  for  half  a  minute  or  more.  There  is  ex- 
treme opisthotonos.  A  greenish  mucus  is  commonly  forced  from  the 
mouth.  The  respiration  ceases  during  the  convulsion,  or  permanently 
in  some  cases,  suggesting  the  thought  that  the  mucus  might  cause 
closure  of  the  epiglottis,  none  being  found  in  the  trachea,  however,  in 
such  fatal  cases.  The  frequency  with  which  comparatively  small  doses 
caused  death  at  this  stage  suggests  some  such  cause. 

Almost  invariably  after  the  rotary  movements  of  the  forelegs  cease, 

the  animal  rolls  over  a  number  of  times,  sometimes  for  a  distance  of 

two  feet.     Death  results  from  failure  of  respiration,  the  heart  contin- 

'  an  hour  or  more  after  respiration  ceases,  the  heart 

The  fatal  dose  for  an  adult  guinea-pig  is  from  forty 

lilligrams    per  kilogram;    that   for   the   rabbit   being 

wenty  milligrams  per  kilogram. 

tED  Tolerance  to  Normally  Fatal  Doses  m 
RABBtTs  (see  Tables  I  and  II). 

ire  a  limited  tolerance,  but  very  slowly.     D  acquired  a 
iting  to  about  fifteen  milligrams  per  kilogram  of  body 
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weight  in  thirty-three  days,  during  which  time  fourteen  doses  were 
given.  This  animal  showed  less  effects  from  the  second  dose,  fifteen 
milligrams  per  kilogram,  than  any  of  the  other  rabbits  of  the  series; 
but  twenty-five  milligrams  per  kilogram  on  the  eleventh  day  was  not 
very  far  from  fatal. 

TABLE  II. 
Fatal  Dose  of  Nicotihe  for  Tolerant  Rabbits. 


Rabbit 

Fatal  doM. 

Under  ob- 
lervation. 

No.  of 
dote*. 

Remarks. 

A 

2ao 

7 

4 

B 

25.0 

7 

4 

C 

zao 

S 

3 

D 

«.o 

33 

14 

E 

27.5 

16 

8 

F 

26.5 

13 

9 

G 

22.5 

9 

5 

H 

24.0 

4 

4 

K 

I. 
M 

(urvived  33.0 

310 
20.0 

96 

93 

7 

IS 
16 

Bled  to  death  after  surviving  33  d>vt ; 
30  day)  elapsed  between   13th   and 

30  dayi  elapud  between  Uth  and  12th 

N 

•urvived  324 

2 

0 

19.0 

4 

P 

3ao 

25 

Q 

■urvived  20.0 

6 

R 

2ao 

1 

S 

25.0 

1 

A  single  dose  confers  very  little  tolerance,  even  after  some  time : 
nineteen  milligrams  per  kilogram  proved  fatal  to  O,  four  days  after 
having  had  the  first  dose  of  fifteen  milligrams  per  kilogram. 

Tolerance,  when  once  established,  is  retained  for  some  time. 
Thirty  milligrams  per  kilogram  in  K,  and  twenty-five  milligrams  per 
kilogram  in  L,  were  not  very  nearly  fatal  after  an  interval  of  a  month. 

Tolerance  appears  to  remain  nearly  stationary  when  the  drug  is 
withdrawn ;  L  withstood  twenty-five  milligrams  per  kilogram,  the  same 
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dose  given  a  month  previously,  very  well,  but  died  some  days  later 
when  the  dose  was  raised  to  thirty-one  mitligrams  per  kilogram. 

Table  I  gives  the  dose,  the  days  of  administration,  and  the  results. 

Table  II  gives  the  fatal  dose,  the  number  of  days  under  observation 
and  the  total  number  of  doses  given. 

IV.  The  Best  Method  of  Inducing  Tolerance. 

Cusbny*  states:  "If  a  quantity  (of  nicotine)  just  smaller  than 
the  lethal  dose  be  injected  into  an  animal,  and  two  or  threedays  after 
its  recovery  a  second  injection  of  the  same  amount  be  made,  death 
will  follow,  but  some  of  the  symptoms,  such  as  convulsions,  may  be 
entirely  absent."  This  does  not  seem  to  apply  to  rabbits.  Rabbit 
F  received  twenty  milligrams  per  kilc^ram  on  the  seventh  day,  and 
the  following  note  occurs  in  the  record  — "  Evidently,  very  nearly 
•fatal,"  yet,  upon  the  ninth,  tenth,  eleventh,  and  twelfth  days  doses 
of  twenty  and  twenty-five  milligrams  per  kilogram  were  survived. 
Rabbit  D  received  twenty-five  milligrams  per  kilogram  on  the 
eleventh,  as  previously  noted,  this  dose  being  not  very  far  from 
lethal ;  but  this  rabbit  survived  thirty  milligrams  per  kilogram  the 
next  day,  a  dose  very  nearly  fatal.  Rabbits  H  and  Q  similarly  sur- 
vived daily  doses  near  the  lethal  for  three  and  five  days  respectively, 
while  rabbit  K  received  nearly  fatal  doses  for  five  days  and  was 
finally  bted  to  death. 

When  doses  approaching  the  fatal  are  given  at  shorter  intervals 
than  three  days,  the  rabbits  usually  lose  weight  after  about  three 
weeks.  The  weight  increases  again  if  the  drug  is  discontinued  for  a 
time,  and,  as  previously  stated,  the  acquired  tolerance  is  retained. 

In  two  instances,  rabbits  K  and  N,  ulcers  appeared,  not  at  the  site 
of  injection,  but  three  to  four  inches  distant,  near  the  base  of  the 
spinal  column.  In  one  case  this  disappeared  when  the  drug  was 
withdrawn  and  reappeared  when  it  was  resumed. 

From  these  experiments  we  may  conclude  that  tolerance  is  best 
established  by  giving  large  doses  at  intervals  of  about  three  days  with 
occasional  intermissions  of  a  week  or  ten  days;  rather  than  by  the 
frequent  repetition  of  moderately  large  doses.  Rabbits  K,  L,  and  M 
had  doses  of  fifteen  to  twenty  milligrams  per  kilt^ram  for  a  month,  at 
intervals  of  three  to  four  days,  without  acquiring  any  considerable  de- 
gree of  tolerance,  much  less  than  that  acquired  by  D  in  thirty-three 

'  Cushny's  Pharmacology,  1899,  p-  266. 
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days  by  large  doses,  K  barely  surviving  thirty,  while  L  succumbed  to 
thiity-one  milligrams  per  kilogram  (M  is  disregarded  since  it  died 
during  the  night  after  apparent  recovery  from  a  small  dose). 

Dr.  Torald  Sollmann,  in  a  series  of  observations  upon  similar  lines, 
observed  that  rabbits  are  less  affected  by  a  given  dose  after  it  has 
been  repeated  a  number  of  times,  showing  an  acquired  tolerance  to 
doses  just  under  the  lethal.  My  own  observations  confirm  this,  but 
my  experiments  did  not  afford  so  good  an  opportunity  for  observing 
this  effect. 


V.  The  Influence  of  Age  upon  Susceptibility  in  the 

GUINEA-PIG. 

The  attempt  to  fix  the  fatal  dose  of  nicotine  in  guinea-pigs  gave 
results  varying  widely,  particularly  in  those  cases  tn  which  largely 
increased  doses  were  given  after  an  intermission  of  three  weeks. 

That  the  lessened  susceptibility  in  these  cases  was  not  due  to  toler- 
ance acquired  from  a  single  dose  is  shown  by  experiments  upon 
Nos.  36  and  37  (see  Table  III). 

The  suggestion  naturally  presents  itself  that  age  has  some  influence 
upon  susceptibility,  and  in  order  to  investigate  the  matter  further,  a 
number  of  very  young  guinea-pigs,  weighing  from  one  hundred  and 
ten  to  two  hundred  grams  each,  were  injected  with  doses  varying 
from  ten  to  twenty-five  milligrams  per  kilogram.  From  a  study  of 
the  table  and  the  symptoms  recorded,  it  may  be  stated  that  the  aver- 
age fatal  dose  for  a  guinea-pig  of  one  hundred  and  fiffy  grams  weight 
is  from  eighteen  to  twenty  milligrams  per  kilogram  (about  the  same 
proportion  to  weight  as  for  adult  rabbits) ;  while  adult  guinea-pigs, 
weighing  four  hundred  grams,  require  about  twice  that  proportion,  or 
about  forty  milligrams  per  kilogram. 

The  smallest  fatal  dose  was  fourteen  milligrams  per  kibgram,  for  a 
two-hundred-gram  guinea-pig  (No,  9) ;  while  twelve  milligranis  per  kilo- 
gram proved  all  but  fatal  to  No.  25,  weighing  one  hundred  and  eleven 
grams,  and  to  No.  37,  weighing  a  hundred  and  fifty  grams.  The  largest 
dose  survived  by  one  of  two  hundred  grams  or  under  was  twenty-five 
milligrams  per  kilogram  (No.  30).  As  the  weight  increases,  wc  find  the 
smallest  fatal  dose,  where  the  weight  is  three  hundred  grams  or  over,  is 
more  than  thirty  milligrams  per  kilogram,  if  we  except  No.  la,  weighing 
three  hundred  and  seventy  grams,  which  died  from  a  dose  of  nineteen 
milligrams  per  kilogram,  while  No.  ao  (four  hundred  grams)  survived  a 
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TABLE  III.i 
EXPIRIUBNTS  WITH  NICOTINE  UPON  GUINEA-PlGS. 


Exprriment. 

Weight  [o 

Do«. 

Not  nearly  fml. 

5  c.c.  of  serum  of  tolerant  rabbit  mixed 
with  dose. 

«* 

150 

IS" 

S 

200 

10 

Nearly  fatal. 

25 

111 

12 

26 

135 

10 

37 

ISO 

12 

30 

160 

25 

27 

170 

14 

2 

173 

20 

38 
39 

175 
190 

18 
20 

Received  S  c,c.  of  serum  of  tolerant  rabbit 

24  houra  earlier. 
Keceived  5  c.c.  of  serum  of  tolerant  rabbit 

24  hoars  earlier. 

36 

200 

IS 

33 

210 

18 

28 

220 

20 

14 

267 

28 

Same  animal  as  No.  5.  used  20  day*  pre- 
viously. 
Used  20  days  previously. 

17 

Z7S 

18 

19 

330 

30 

"     21    ■' 

20 

340 

30 

"     34    " 

22 

410 

40 

"     34    " 

21 

425 

33 

"34*14" 
Used  3  day.  previously  (No.  25). 

FatJ. 

31 

no- 

25 

32 

140 

20 

■■     3    •■            "           (No.  26). 

29 

150 

2ZJ 

37 

170 

18 

Second  dose  7  days  after  first. 

»Th 

e  animal*  in  « 

ach  class  are 

arranged  in  the  order  of  their  -eight*. 

»  Se 

e  text  for  exp 

anation  of  ap 

parent  protection. 
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TABLE  in.~C<iHHniud. 


Weight  in 
graiiiB. 

Doae. 

Remarks. 

Fatal. 

13 

197 

15 

9 

200 

14 

3S 

200 

IS 

36 

.      200 

25 

Second  doie  7  days  after  first. 

4 

202 

20 

6 

210 

18 

3 

220 

22 

7 

220 

16 

41 
12 

2SS 
370 

21 
19 

5  C.C.  o£  lerum  of  tolerant  rabbit  mixed 

with  dOM. 

24 

400 

4S 

Third  dote  In  70  days. 

Much 

more  than  jus 

&tal. 

1 

180 

35 

34 

200 

35 

Not  dauifieil. 

10 

195 

12.5 

11 

213 

13.S 

16 

265 

16 

18 

335 

20 

dose  of  forty-five  milligrams  per  kilogram  for  sixteen  minutes,  and  No.  32 
(four  hundred  and  two  grams)  recovered  from  a  dose  of  forty  milligrams 
per  kilogram. 

From  this  we  must  conclude  that  the  toxicity  of  nicotine  is  fully 
twice  as  great  for  very  young  guinea-pigs  as  it  is  for  adults. 
Table  III  gives  the  results  of  forty  experiments  upon  guinea-pigs. 
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VI.   Has  the  Serum  of  Tolerant  Rabbits  anv  Protective 
Power  for  Guinea-Pigs  ? 

When  the  work  in  this  laboratory  had  been  brought  to  the  present 
stage,  it  was  learned  that  Prof.  J.  McFarland,  whose  work  was  un- 
published, had  obtained  negative  results  in  the  efFort  to  obtain  an 
antitoxic  serum  for  nicotine. 

While  the  results  of  the  present  series  of  experiments  are  not  con- 
clusive, they  cannot  be  said  to  be  very  encouraging. 

Hirschlafi's '  report  of  the  brilliant  results  obtained  by  the  use  of  an 
antitoxic  serum  obtained  in  an  analogous  manner  for  morphine  has 
been  completely  disproved  by  J.  Morgenroth.' 

The  failure  to  produce  such  antitoxic  serum  with  morphine,  while, 
of  course,  not  conclusive,  nevertheless  points  to  a  similar  result  with 
nicotine.  The  results  in  guinea-pigs  Nos.  40  and  41  can  be  ac- 
counted for  by  the  fact  that  the  nicotine  was  given  in  much  less 
concentration  (Mcltzer'  having  shown  that  strychnine  is  much  less 
toxic  in  very  dilute  solutions),  and  by  the  lessened  rate  of  absorp- 
tion due  to  proteids,  which  also  lessens  toxicity,  as  shown  by  the 
author^  in  the  case  of  strychnine. 

In  the  cases  of  Nos.  38  and  39,  which  had  J  c.c.  of  the  serum 
twenty-four  hours  earlier,  while  both  recovered  from  doses  of  nicotine 
which  might  reasonably  be  expected  to  prove  fatal,  we  find  that  No. 
2  and  No.  30  received  twenty  and  twenty-five  milligrams  per  kilogram, 
respectively,  and,  further,  the  serum  did  not  prevent  convulsions ; 
hence  the  protection,  if  any,  was  slight. 

VII.   Conclusions. 

Nicotine  is  very  uncertain  in  its  action.  While  death  is  due  to 
failure  of  respiration,  artificial  respiration,  if  effective  at  all,  must  be 
begun  before  the  centres  show  evidence  of  marked  depression.  The 
stimulating  effects  of  heat  are  undoubtedly  useful  in  combating  the 
toxic  effects. 

No  cumulative  effects  can  be  seen  when  nicotine  is  given  daily  for 
several  days.     Nutritional  disturbances  follow  its  prolonged  use,  as  is 

*  HiRSCHLAFF,  L. :  Berliner  klinisclie  Wochenschrift,  190Z,  xxxix,  p.  1174. 

*  MoRGENROTH,  J. :  Berliner  klinische  Wochenschrift,  1903,  xl,  p.  4.71. 

*  Meltzer,  S.  J. :  Journal  of  experimental  medicine,  1900-1901,  v,  p.  643. 

*  Hatcher,  R.  A. :  American  journal  of  pharmacy,  1902,  Ixxiv,  p.  283. 
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indicated  by  the  constant  toss  of  weight  after  a  time,  and  by  the  ap- 
pearance of  ulcers  at  a  point  some  distance  from  the  seat  of  injection, 
disappearing  with  the  cessation  of  its  use,  and  reappearing  upon 
resumption. 

The  preparation  of  an  antitoxic  serum  for  nicotine  is  not  practical, 
if  possible,  with  our  present  knowledge. 

The  average  fatal  dose  of  nicotine  for  an  adult  rabbit  is  approxi- 
mately twenty  milligrams  per  kilogram ;  for  the  adult  guinea-pig  the 
average  fatal  dose  is  approximately  forty  milligrams  per  kilogram,  the 
very  young  guinea-pig  being  much  more  susceptible,  the  average 
fatal  dose  for  one  of  a  hundred  and  fifty  grams  or  less  being  about 
fifteen  miUigrams  per  kilogram. 

I  am  greatly  indebted  to  Dr.  Torald  Sollmann  for  suggestions  and 
assistance  in  carrying  out  this  research. 
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STUDIES  ON  THE  "PARADOXICAL"  PUPIL-DILATA- 
TION CAUSED  BY  ADRENALIN.  I.  — THE  EFFECT 
OF  SUBCUTANEOUS  INJECTIONS  AND  INSTILLA- 
TIONS OF  ADRENALIN  UPON  THE  PUPILS  OF 
RABBITS. 

Bv   S.   J.    MELTZER    and  CLARA   MELTZER  AUER.' 
[/VvM  tkt  Retkifiller  IniHlHtt  f»r  Midkal  Rtiiarth^ 

IN  our  Studies  of  the  effect  of  intravenous  injections  of  adrenalin 
upon  the  blood-vessels  of  rabbits'  ears,*  we  made  the  observation 
that  section  of  the  cervical  sympathetic  nerve  changes  this  effect  in 
some  respects :  the  constriction  of  the  vessels  of  the  corresponding  ear 
sets  in  later,  develops  gradually,  reaches  the  maximum  later,  and  lasts 
incomparably  longer  than  in  the  ear  of  a  normal  animal.  In  further 
studies  upon  subcutaneous  injections,"  the  influence  of  the  section  of 
th^  sympathetic  nerve  was  still  more  marked.  While  in  a  normal 
animal  a  moderate  dose  of  adrenalin  has  either  no  effect,  or  the  effect 
is  rather,  a  marked  dilatation  of  the  blood-vessels,  a  subcutaneous  in- 
jection of  such  a  dose  of  adrenalin  into  a  rabbit  in  which  the  sympa- 
thetic nerve  is  cut  or  resected,  effects  invariably  a  long-lasting 
constriction  of  the  blood-vessels  of  the  ears. 

Section  of  the  sympathetic  nerve,  then,  has  a  distinctly  modifying 
influence  upon  the  vasomotor  effect  of  the  extract  of  the  suprarenal 
gland,  at  least  as  far  as  the  ear-vessels  are  concerned.  The  question 
presented  itself,  whether  section  of  the  sympathetic  nerve  could  also 
influence  the  effects  of  the  suprarenal  extract  upon  other  organs  which 
stand  under  its  control.  Such  an  organ  is  the  pupil.  Lewandowsky* 
discovered  that  intravenous  injection  of  suprarenal  extract  causes  a 
dilatation  of  the  pupil.    This  was  confirmed  by  Bonittau*  and  by 

>  Reaearch  scholar  of  the  Rockefeller  Institute  for  medical  research. 

*  MelTzer  and  Meltzer  :  This  journal,  1903,  ix,  p-  147. 
'  Meltzek  and  Meltzer:  This  journal,  1903,  ix,  p.  3ji. 

*  Lewandowskv  :  Archiv  fiir  Physiologic,  1899,  p.  360. 

*  DoKUTTAU:  Archiv  fiir  die  gesammte  Physiologle,  1899,  Ixxxviii,  p.  113. 
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Langley.'  The  effect  is  very  brief,  it  lasts  less  than  a  minute.  It  is 
distinct  in  cats,  is  less  pronounced  in  rabbits.  All  agree  that  a  sub- 
cutaneous  injection  has  no  effect,  and  this  is  explained  by  the  assump- 
tion that  the  extract,  before  it  reaches  the  blood,  is  oxidized  in  the 
lymph  spaces. 

In  extensive  experience  with  subcutaneous  injection  of  adrenalin  in 
rabbits,  we  can  confirm  the  observation  that  in  normal  animals  the 
pupils  are  never  affected  by  an  injection  of  even  a  large  dose, 
provided  it  does  not  cause  asphyxia  of  the  animal.  It  is  different, 
however,  with  operated  animals.  In  our  studies  of  the  effect  of  sub- 
cutaneous injections  of  adrenalin  upon  the  vasomotor  condition  of  the 
ear-vessels,  during  which,  in  a  large  number  of  rabbits,  the  sympathetic 
nerve  was  cut,  or  the  superior  cervical  ganglion  was  removed,  it  was 
found  that  in  many  cases  the  pupil  became  dilated  on  the  operated 
side  after  a  subcutaneous  injection;  but  the  effect  seemed  to  be 
inconstant.  An  analysis  of  our  notes  brought  to  light,  however,  that 
the  phenomenon  was  observed  only  in  those  animals  in  which  the 
ganglion  was  removed,  and  when  the  injection  was  made  at  least 
twenty-four  hours  after  its  removal.  To  test  this  point  we  instituted 
a  series  of  experiments  on  rabbits  in  which  the  relations  of  the  ex- 
cision of  the  ganglion  and  the  cutting  of  the  sympathetic  nerve  to  the 
effect  upon  the  pupil  of  a  subcutaneous  injection  of  adrenalin  were 
studied  systematically.  The  results  we  now  obtained  were  constant 
and  perfectly  uniform.    They  are,  brieffy  stated,  as  follows:  — 

After  section  of  the  sympathetic  nerve,  a  subcutaneous  injection  of 
even  a  large  dose  of  adrenalin  has  no  effect  on  the  pupil.  This  can 
be  said  to  be  the  rule.  In  a  very  few  exceptions  the  injection  seemed 
to  cause  a  slight  dilatation.  It  was,  however,  under  all  circumstances 
very  slight,  lasting  only  a  few  seconds,  and  in  fact,  we  were  never  very 
sure  of  its  occurrence. 

When,  however,  the  superior  cervical  ganglion  was  excised,  the  effect 
of  a  subcutaneous  injection  of  adrenalin  upon  the  pupil  was  a  very 
striking  one.  Even  after  the  injection  of  such  a  moderate  dose  as 
0.6  c.c,  the  pupil  on  the  side  on  which  the  ganglion  was  removed 
became  dilated  ad  maximum.  It  is  safer,  however,  to  employ  a 
somewhat  larger  dose, — 'about  1.0  or  1.2  c.c.  of  adrenalin  chlo- 
ride (i :  1000).  In  ten  or  fifteen  minutes  the  pupil  then  becomes 
very  dilated,  and  remains  so  for  at  least  one  hour,  and  very  often  for 

>  Lakglbv  :  Journal  of  physiology,  1901-1902,  xxvii,  p.  237. 
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more  than  even  two  hours.  In  some  cases  the  dilatation  begins  to 
show  three  to  four  minutes  after  the  injection. 

When  the  dilatation  caused  by  adrenalin  is  ad  maximum,  the 
dilated  pupil  does  not  react  to  light. 

When  previous  to  the  administration  of  adrenalin  the  pupils  were 
made  myotic  by  means  of  instillation  of  eserin,  the  subcutaneous  in- 
jection of  adrenalin  caused,  nevertheless,  an  ad  maximum  dilatation  of 
the  pupil  on  the  operated  side,  while  on  the  normal  side  the  myosis 
was  not  affected  in  the  least.  Adrenalin  apparently  overcomes 
completely  the  effect  of  eserin. 

The  dilating  effect  of  adrenalin  upon  the  pupil  can  be  seen 
only  when  the  subcutaneous  injection  is  made  at  least  twenty-four 
hours  after  the  removal  of  the  ganglion.  Injections  made  at  an 
earlier  period  exercise  apparently  no  effect  upon  the  pupil,  —  while 
the  vaso-constricting  effect  upon  the  ear-vessels  of  the  operated 
side  is  very  distinct,  even  if  the  injection  be  made  soon  after  the 
operation. 

The  effect  upon  the  pupil  takes  place  only  when  the  entire  gang- 
lion is  removed.  Section  of  all  the  connecting  branches  except  the 
upper  one,  or  removal  of  the  lower  two-thirds  of  the  ganglion,  does 
not  lead  to  a  response  of  the  pupil  by  dilatation  after  a  subcutane- 
ous injection  of  adrenalin.  In  tearing  out  the  ganglion  in  earlier  ex- 
periments, we  met  with  a  few  failures.  On  reopening  the  wound  it 
was  found  that  the  removal  was  incomplete.  The  subsequent  removal 
of  the  remaining  portion  brought  out  the  usual  result. 

We  have  also  studied  the  effect  upon  the  pupil  of  instillation  of  ad- 
renalin into  the  conjunctival  sac  after  removal  of  the  ganglion.  Rad- 
ztewsky'  was  the  first  to  state  that  instillation  of  suprarenal  extract 
exerts  no  effect  upon  the  pupil.  This  was  confirmed  by  Lewandow- 
sky  '  and  Boruttau."  From  our  studies  we  can  confirm  the  observation 
that  instillation  does  not  affect  the  pupil  of  a  normal  rabbit.  Neither 
does  it  cause  any  change  in  the  pupil  even  after  the  sympathetic 
nerve  is  cut.  However,  twenty-four  hours  after  complete  excision  of 
the  superior  cervical  ganglion,  instillation  of  adrenalin  causes  a  dila- 
tation of  the  pupil  on  the  operated  side.  The  degree  of  the  dilatation 
depends  upon  the  quantity  instilled.     After  four  or  five  instillations 

'  RADiiEWSKif;  Berliner  ktinische  Wochenschrift,  1898,  p,  572. 

*  Lewandowskv  :  Loc.  cit. 

*  BORUTTAU  :  /JK.  fit- 
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of  two  drops  at  a  time  at  intervals  of  two  or  three  minutes,  the  dila* 
tation  can  be  ad  maximum.  The  dilatation  lasts  also  for  some  time 
— several  hours;  usually,  however,  it  disappears  sooner  than  after  a 
subcutaneous  injection.  The  myotic  effect  of  eserih  is  also  overcome 
by  instillation  of  adrenalin.  We  have  never  observed  constitutional 
efiFects  from  instillation ;  for  instance,  we  have  never  seen  a  con- 
striction of  the  ear-vessels  taking  place  after  otherwise  effective 
instillations  of  adrenalin. 

The  difference  in  the  effect  between  section  or  resection  of  the 
sympathetic  nerve  and  excision  of  the  superior  cervical  ganglion  is 
brought  out  best  when  the  ganglion  is  removed  on  one  side  and  the 
sympathetic  nerve  cut  on  the  other  side  of  the  same  animal.  After  a 
subcutaneous  injection  of  a  medium  dose  of  adrenalin,  there  is  then 
no  difference  in  the  condition  of  the  ear-vessels  on  the  two  sides, 
both  ears  look  equally  pale;  but  there  is  a  striking  contrast  in  the 
pupils,  the  pupil  on  the  side  without  the  ganglion  is  widely  dilated, 
while  the  one  on  the  other  side  remains  more  contracted  than  normal, 
on  account  of  the  section  of  the  sympathetic  nerve. 

We  have  frequently  employed  the  following  method  to  bring  out 
some  of  the  above-described  results  in  a  striking  manner.  The  hind 
teg  of  an  operated  rabbit  was  tightly  ligatcd  above  the  knee  and  a 
medium  dose  of  adrenalin  injected  into  the  leg  peripheral  to  the  liga- 
ture. When  after  some  time  the  ligature  was  removed,  the  pupil  on 
the  side  on  which  the  ganglion  was  removed  became  widely  dilated 
in  less  than  half  a  minute,  while  on  the  normal  side  or  the  side  on 
which  only  the  sympathetic  nerve  was  cut  the  pupil  remained  un- 
changed. It  required  some  experience  to  attain  the  proper  degree 
of  tightness  of  the  ligature.  In  a  rabbit  it  is  quite  difficult  to 
apply  a  single  ligature  tight  enough  so  that  none  of  the  adrenalin 
shall  escape  under  the  ligature.  We  then  often  see  a  slight  dilata- 
tion of  the  pupil  (and  constriction  of  the  ear-vessels)  taking  place 
before  the  ligature  is  removed.  A  double  ligature  will  safely  prevent 
the  escape.  But  then  the  ligature  has  to  be  removed  in  less  than  an 
hour;  otherwise  the  absorption  becomes  impaired  and  also  frequently 
leads  to  gangrene  of  the  leg.  However,  after  some  experience  it  is 
not  difficult  to  find  a  proper  degree  of  tightness  (best  two  ligatures 
of  moderate  tightness)  which  will  prevent  any  escape  and  which  at 
the  same  time  will  not  permanently  impair  absorption.  In  such  a 
case,  the  ligature  can  be  kept  for  two  hours  and  even  longer,  and  after 
its  removal  the  effect  of  adrenalin  is  a  striking  and  nearly  an  instan* 
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taneous  one.  We  shall  discuss  later  the  significance  of  such  ao 
experiment. 

Our  experience  with  the  effects  of  intravenous  injections  of  adren- 
alin on  the  pupil,  is  still  too  scanty  to  permit  any  detailed  statement; 
we  gathered  it  only  incidentally  In  ex[>eriments  carried  on  for  other 
purposes.  As  far  as  our  experience  goes,  intravenous  injections 
showed  the  same  conditions  as  were  observed  in  the  subcutaneous 
injections  and  instillations,  i.  t.,  on  the  side  on  which  the  ganglion 
was  removed  the  pupil  also  became  dilated  after  an  intravenous  in- 
jection, and  the  dilatation  lasted  for  quite  a  long  time;  whereas  on  the 
normal  side  or  on  the  side  on  which  the  sympathetic  nerve  was  cut, 
the  dilatation  was  comparatively  insignificant  and  lasted  only  a  few 
seconds.  We  may,  however,  come  back  to  this  subject  in  a  later 
communication. 

We  shall  illustrate  the  above-stated  results  by  a  few  protocols  of 
experiments.  They  are  greatly  abbreviated,  as  many  of  these  experi- 
ments were  utilized  also  for  a  study  of  the  vasomotor  phenomena 
in  the  ears. 

Experiment  SS.  Dec.  1, 1902. —  Large  brown  rabbit*  Right  ganglion  lorn 
out,  .  .  .  left  side  normal.  .  .  . 

Dec.  2.  — .  .  .   No  difference  in  size  of  the  two  pupils. 

Dec,  3.  —  4.00  p.  M. :  Subcutaneous  injection  of  1.5  c.c.  of  adrenalin 
(1  :  1000),  right  pupil  much  dilated,  no  noticeable  effect  upon  left.  5.30, 
7.00,  and  9.00  p.  M. :  No  change. 

Dec.  4-  —  10.00  A.  H. :  Both  pupils  about  equaL  3.45  p.  m.  ;  Injected 
subcutaneously  1.5  c.c.  3.50:  Right  pupil  large.  .  .  .  3.10:  Right 
pupil  very  wide.  .  .  .  4.40  and  6.00  p.  m.  :  Right  pupil  wider  than  left. 
9.00  p.  M. :  Right  pupil  same  size  as  left. 

Dec.  12.  —  Right  pupil  smaller  than  left. 

Dec.  18.  —  Right  pupil  smaller  than  left.  Subcutaneous  injection  of 
1.5  c.c.  .  .  .  Right  pupil  much  dilated. 

Dec.  23.  —  8.0O  P.  M. :  Subcutaneous  injection  of  0.6  c.c.  In  a  few 
minutes  right  pupil  wide.  9.00  p.  m.  r  Right  pupil  smaller  again,  but  still 
wider  than  before  injection. 

Dec.  24-  —  Hind  leg  ligated,  injected  below  ligature  1 .2  c.c.  of  adren- 
alin, ..."  ligature  taken  off  in  five  to  seven  minutes,  the  right  ear  be- 
came pale  immediately,  the  left  ear  still  full ;  the  right  pupil  very  wide." 

In  this  experiment  repeated    injections  invariably  brought  out   a 

prompt  effect,  —  even  a  dose  of  only  0.6  c.c.  caused  an  unmistakable 

'  All  animals  were  narcotized  during  operation. 
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dilatation.    With  doses  of  1.5  c.c.  the  dilatation  lasted  at  least  three 
hours. 

Experiment  61.  —  SmaU  gray  rabbit.  .  .  . 

jDee.  S.  — Cervicals  operated. 

Dee.  18. — Wound  reopened  and  left  ganglion  removed.  .  .  .  8.30 
P.M.:  Left  pupil  smaller.  Injected  subcutaneously  1.5  cc.  Right  ear, 
no  change  ;  left  ear  pales  gradually  ;  no  effect  on  eyes. 

/>«-.  17.  —  8.30  p.  M. :  .  .  .  left  pupil  a  trifle  wider  than  right.  In- 
jected subcutaneously  1.5  c.c,  ...  in  a  few  minutes  left  pupil  wider 
than  right. 

Experiment  6S.     Dec.  10.  —  Right  sympathetic  cut. 

Dee.  16.  —  Right  pupil  a  trifle  smaller  than  left.  1 1 .45  a.  h.  :  Injected 
subcutaneously  1 .5  c.c.  .  .  .  No  effect  on  eyes.  4.15  P.M.:  Right  pupil 
a  trifle  smaller.  Wound  reopened  and  right  ganglion  torn  out.  .  .  .  6.00 
P.M.:  Right  pupil  smaller.  .  .  .  8.00P.M.:  Injected  1.5  c.c.j  right  ear 
becomes  pale ;  ...  no  elTeci  on  eyes ;  .  .  .  a  second  injection :  no 
effect  on  pupils. 

Dee.  n.  —  6.00  P.M.:  Pupils  about  equal.  Injected  subcutaneously 
1.5  c.c.  ...  In  three  minutes  the  right  pupil  begins  to  dilate,  in  fifteen 
minutes  very  wide.  .  .  .  9.45  :  Right  pupil  much  wider  than  left. 

Dee.  S3.  —  6.00  p.  m.  :  Hind  leg  tightly  tied  with  Esmarch  bandage ; 
injected  into  distal  end  3.0  c.c. ;  toxic  symptoms  while  bandage  still  on ; 
bandage  removed;  .  .  .  right  pupil  very  wide.  9.00  p.  M. :  Right  pupil 
wide. 

Dec.  84.  —  Injected  subcutaneously  1.00  cc.  Right  pupil  becomes 
wide. 

^an.  14, 1903.  —  5.30  p.  h.  :  I,eg  very  firmly  tied.  No  effect  noticed. 
Ligature  removed  at  7.00  p.  m.    In  two  minutes  pupil  very  wide. 

In  this  experiment  section  of  the  sympathetic  had  no  effect;  but 
twenty-four  hours  after  subsequent  removal  of  the  ganglion,  the  effect 
was  invariably  positive.  It  shows  also  that  even  a  firmly  applied 
Esmarch  bandage  permitted  the  escape  of  the  adrenalin. 

Experiment  67.    Jan.  IS,  1903. —$.30  P.M.:  Right  ganglion  removed;  .  .  . 
right  pupil  much  smaller  than  left. 

Jan.  14.  —  Evening.  Instilled  into  both  conjunctival  sacs  adrenalin. 
In  about  five  minutes  the  right  pupil  began  to  dilate  slowly.  ...  In 
three  hours  still  widely  dilated.     No  effect  on  left  pupil. 

Experiment  70.    Jan.  27, 190S.  —  Large  rabbit.    Right  sympathetic  resected; 
after  ten  minutes  right  pupil  smaller  than  left. 
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Jan.  SO.  —  Injected  subcutaneously  i.i  c.c.  adrenalin ;  ■  .  .  effect  on 
ear-vessels  but  not  on  pupils. 

^(7«.  31.  — 11.30  A.M.:  Left  ganglion  removed,  •  .  .  pupils  about 
equal,  left  conjunctiva  injected.  6.00  p.  h.  :  Instilled  adrenalin  into  both 
conjunctival  sacs,  no  result. 

J^ei.  1,  —  II  .00  A.  M. :  Left  pupil  somewhat  wider  than  right.  Instilled 
adrenalin  into  both  conjunctival  sacs ;  right  pupil,  no  change,  left  dilates 
slowly ;  after  three-quarters  of  an  hour,  well  dilated ;  no  reaction  to 
light. 

Ftb.^.  —  Leg  tied  with  double  ligature;  injected  1.5  c.c.  adrenalin 
peripherally  to  ligature ;  apparently  no  escape ;  ligature  removed  after 
two  and  a  half  hours ;  twenty-five  seconds  later  left  pupil  widely  dilated ; 
no  change  in  right  pupil. 

Experiment  77.    March  S.  —  Right  ganglion  removed,  left  sympathetic  re- 
sected. 

March  4-  —  Instilled  adrenalin  into  both  conjunctival  sacs.  In  two 
minutes  right  pupil  rapidly  dilating ;  in  ten  minutes  dilated  ad  maximum ; 
no  change  in  left  pupil. 

These  few  protocols  are  sufBcient  to  illustrate  the  essential  points  of 
our  statements.  But  we  have  made  quite  a  large  number  of  such  ex- 
periments, and  all  gave  uniformly  the  same  results.  In  nearly  a  dozen 
instances  the  experiments  were  demonstrated  to  interested  observers 
without  a  single  failure.  The  previous  use  of  eserin  brings  out  the 
main  phenomenon  in  a  striking  way. 

The  longest  period  during  which  we  had  operated  animals  under 
observation  was  three  and  one-half  months.  The  effect  of  a  subcu- 
taneous injection  was  at  the  end  of  this  period  as  pronounced  as  in  the 
first  few  days  after  operation.  The  effect  of  instillations  seemed 
somewhat  diminished,  the  dilatations  did  not  reach  the  maximum,  and 
returned  to  normal  sooner  than  before.  However,  these  observations 
have  not  been  numerous  enough  as  yet  to  permit  positive  conclusions 
to  be  drawn. 

Our  protcfcols  of  the  above-mentioned  series  of  experiments  contain 
a  few  notes  with  reference  to  the  effects  of  section  of  the  sympathetic 
nerve  and  removal  of  the  ganglion  upon  the  condition  of  the  pupil, 
which  may  deserve  to  be  recorded. 

In  a  few  cases  the  ganglion  was  removed  a  few  days  after  the 
sympathetic  had  been  resected.  In  none  of  these  cases  was  the  con- 
striction of  the  pupil  increased  by  the  removal  of  the  ganglion. 
Furthermore,  when  the  sympathetic  nerve  was  cut  on  one  side,  and  at 
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the  same  time  the  ganglion  was  removed  on  the  other  side,  the  con- 
striction of  both  pupils  was,  in  our  experiments,  the  same.  Budge,' 
Langendorff,'  and  others  state  that  on  the  first  day  after  the  opera- 
tion, the  pupil  on  the  side  on  which  the  ganglion  was  removed  is' 
more  constricted  than  on  the  side  on  which  the  sympathetic  was  cut, 
and  the  conclusion  is  therefore  drawn  that  besides  the  dilating  tonus, 
kept  up  by  the  fibres  of  the  sympathetic  nerve,  an  additional  dilat- 
ing tonus  emanates  from  the  cells  of  the  superior  cervical  ganglion. 
Kowalewsky^  and  other  writers,  however,  could  not  confirm  this  state- 
ment. Our  own  restricted  experience  seems  to  agree  with  that  of 
the  latter  authors. 

In  most  of  the  experiments  on  the  removal  of  the  ganglion,  we  find 
that  on  the  day  after  the  removal,  the  pupil  on  the  operated  side  was 
wider  again,  —  being  mostly  "  about  equal "  to  the  pupil  of  the  other 
side,  if  the  latter  was  normal,  or  "  a  trifle  wider"  when  the  sympa- 
thetic was  cut  on  the  other  side.  Similar  observations  have  been 
already  recorded  by  Budge,*  and  were  subsequently  observed  by  a 
number  of  other  writers.  We  find  in  our  notes,  however,  that  in 
some  cases,  from  the  seventh  day  on  after  the  operation,  the  pupil  on 
the  ganglion  side  was  smaller  again  than  on  the  normal  side  (see 
above,  Experiment  53).  In  others  the  conditions  seemed  to  vary 
during  the  entire  period  of  observation,  sometimes  the  pupil  on  the 
ganglion  side  being  equal  to  that  of  the  sympathetic  side,  and  at 
other  times  being  a  trifle  larger,  without  there  being  any  visible  rea- 
son for  the  variations. 

We  have  never  noticed  that  excitement  of  the  animal  favored  a 
dilatation  of  the  pupil  on  the  ganglion  side.  Neither  have  we  ob- 
served that  the  usual  state  of  even  deep  anaesthesia  (we  employed 
only  ether)  brought  out  a  greater  dilatation  of  the  pupil  on  the  gang- 
lion side.  In  two  cases,  however,  in  which  the  very  deep  anasthesia 
brought  on  asphyxia  of  the  rabbits,  the  pupil  on  the  ganglion  side 
was  noticed  to  be  visibly  wider  than  on  the  sympathetic  side ;  the 
latter  also  became  somewhat  dilated. 

In  a  number  of  protocols  of  experiments  in  which  the  ganglion  was 
removed,  it  was  noted  that  the  conjunctiva  on  the  operated  side  was 

1  BuDGB  :  Ueber  die  Bewegung  der  Iris,  Braunschweig,  1855,  p.  125. 
1  Langendorpf  :  Klinische  Monalsblatter  fur  Augenheilkunde,  1900,  xsxviii, 
p.  1 29  and  p.  823. 

*  Kowalewsky:  Archives  slaves  de  biologic,  1886,  i,  p.  591. 

*  Budge  -.  Loc.  cil. 
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injected.  There  is  no  such  remark  in  any  case  in  which  the 
sympathetic  was  cut. 

In  three  rabbits  the  sympathetic  nerves  were  stimulated  low  down 
in  the  neck  many  weeks  after  the  operation.  In  two  rabbits  in  which 
the  ganglion  was  removed  on  one  side,  the  corresponding  sympathetic 
nerves  were  stimulated  forty-five  days  after  the  operation.  With  very 
strong  induction  currents  there  was  a  moderate  constriction  of  the 
ear-vessels ;  no  effect  upon  the  pupil.  In  a  third  rabbit  in  which  the 
ganglion  was  removed  on  one  side,  and  the  sympathetic  nerve  was 
resected  on  the  other  side,  the  sympathetic  nerves  were  stimulated 
seventy-one  days  after  the  operation.  There  was  a  fair  constriction 
of  the  blood-vessels  on  the  ganglion  side,  with  a  moderate  current 
(300  units,  Kronecker's  model),  while  there  was  no  effect  at  all  either 
on  the  blood-vessels  or  on  the  pupil  on  the  side  on  which  the  sympa- 
thetic nerve  was  resected,  even  when  stimulated  with  very  strong 
currents  (3000  units  and  more).  On  this  side  apparently  no  regen- 
eration took  place  even  after  seventy-one  days. 

We  shall  not  enter  into  any  discussion  of  the  observations  we  have 
just  recorded.  They  are  not  sufficient  in  number  and  were  gathered 
only  incidentally  to  our  chief  studies.  The  discussion  of  the  latter 
will  be  carried  out  in  a  subsequent  paper. 
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STUDIES  ON  THE  "PARADOXICAL"  PUPIL-DILATATION 
CAUSED  BY  ADRENALIN.  II.  —  ON  THE  INFLUENCE 
OF  SUBCUTANEOUS  INJECTIONS  OF  ADRENALIN 
UPON  THE  EYES  OF  CATS  AFTER  REMOVAL  OF 
THE   SUPERIOR  CERVICAL  GANGLION. 

By  S.  J.    MELTZER. 
[/^om  tht  Ifalltriatium  in  Bern.] 

BESIDES  its  influence  upon  the  pupil,  the  cervical  sympathetic 
nerve  controls  also  the  width  of  the  palpebral  fissure,  the  move- 
ments  of  the  nictitant  membrane  and  the  position  of  the  bulbus.  The 
influences  upon  the  latter  phenomena  are  indistinct  in  rabbits,  but 
are  outspoken  in  cats.  The  studies  in  the  foregoing  paper  were 
made  on  rabbits,  and  were  therefore  restricted  to  the  influence  of  ad- 
renalin upon  the  pupil.  Last  summer,  while  enjoying  the  unlimited 
hospitality  of  the  physiological  laboratory  in  Bern  (thanks  to  the 
kindness  of  Professor  Kronecker),  I  have  made  some  observations 
also  on  the  effect  of  adrenalin  upon  the  eyes  of  cats.  The  experi- 
ments were  made  chiefly  with  subcutaneous  injections.  The  results 
obtained  are,  briefly  stated,  as  follows. 

Subcutaneous  injections  of  even  large  doses  of  adrenalin  have  no 
effect  upon  the  eyes  of  normal  cats.  When  the  sympathetic  nerve 
(or  more  often  the  vago-sym  pathetic)  was  cut  on  one  side,  the  pupil 
on  the  corresponding  side  became  smaller,  the  palpebral  Assure  nar- 
rower, and  the  nictitant  membrane  covered  a  good  part  of  the  eye. 
(Of  the  position  of  the  bulbus  I  was  never  sure  enough,  and  can 
therefore  make  no  positive  statement  with  regard  to  it.)  When  now 
one  c.c.  or  more  of  adrenalin  was  injected  subcutaneously,  a  retraction 
of  the  nictitant  membrane  very  soon  followed;  this  occurred  even  if 
the  injection  was  made  soon  after  the  operation.  But  at  no  time  and 
with  no  dose  of  adrenalin  could  the  condition  of  the  pupils  or  the 
palpebral  fissure  be  affected  by  a  subcutaneous  injection. 

However,  if  the  superior  cervical  ganglion  was  removed,  a  subcu- 
taneous injection  of  adrenalin  caused  a  distinct  widening  of  the  pal- 
37 
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pebral  fissure  and  a  complete  dilatation  of  the  pupil.  This  effect  could 
be  obtained  only  when  the  drug  was  injected  at  least  48  hours  after 
the  operation  (24  hours  in  rabbits).  At  least  1.5  c.c.  was  required 
to  bring  out  a  distinct  effect,  even  in  a  small  and  young  animal. 
Older  and  larger  animals  required  larger  doses.  The  larger  the  dose, 
the  sooner  the  phenomena  appeared,  and  the  longer  they  lasted,  —  the 
pupil  sometimes  remaining  dilated  for  six  hours  and  longer.  Usually 
there  was  immediately  after  the  injection  a  distinct  dilatation  of  the 
pupil  on  the  operated  side,  which,  however,  disappeared  soon  again, 
but  reappeared  in  15  to  40  minutes,  according  to  the  injected  dose  of 
adrenalin,  to  remain  then  unchanged  for  hours.  The  primary  dilata- 
tion is  probably  due  to  the  excitement  of  the  animal,  or  to  the  pain 
produced  by  the  injection;  since  both  can,  as  we  now  know,  bring 
on  the  so-called  paradoxical  dilatation  of  the  pupil.  I  shall  state, 
however,  that  by  injection  of  water  I  could  never  bring  on  this 
primary  dilatation  of  the  pupil. 

In  no  instance,  even  if  the  pupil  was  ever  so  dilated,  was  the  reac- 
tion to  light  lost,  or  perhaps  not  even  perceptibly  affected.  (In  rab- 
bits, as  we  have  stated  above,  with  the  dilatation  of  the  pupil  there  was 
also  always  an  impairment  or  complete  loss  of  the  reaction  to  light.) 
However,  the  largest  dose  of  adrenalin  which  I  have  ever  used  sub- 
cutaneously  on  operated  cats  was  3  c.c,  and  it  is  possible  that  a 
larger  dose  might  indeed  affect  also  the  reaction.  (I  have  avoided 
larger  doses  in  order  not  to  risk  the  life  of  the  animal.  It  is  worth 
mentioning,  however,  that  with  the  exception  perhaps  of  an  occa- 
sional diarrhcea,  in  no  case  were  the  cats  affected  by  even  a  dose  of 
3  c.c;  while  even  in  a  larger  rabbit  a  dose  of  2  c.c.  would  cause  a 
marked  paresis  and  general  prostration.) 

When  the  sympathetic  nerve  was  cut  on  one  side,  and  the  ganglion 
removed  on  the  other  side,  the  contrast  between  the  pupils  and  the 
palpebral  fissures  of  the  two  sides  was  very  striking.  The  retraction 
of  the  nictitant  membrane  occurred  on  both  sides,  but  it  seemed  that 
on  the  ganglion  side  the  retraction  was  more  marked  and  lasted 
longer  than  on  the  sympathetic  side.  But  even  on  the  ganglion  side 
the  retraction  gave  way  sooner  than  the  other  phenomena. 

The  described  phenomena  could  be  produced  at  will  as  long  as  the 
animals  were  kept  alive,  that  is  for  about  six  weeks. 

I  have  not  been  successful  with  instillations  of  adrenalin  into  the 
eyes  of  operated  cats,  on  account  of  the  protruding  nictitant  mem- 
brane which  would  sweep  over  the  entire  eye,  as  soon  as  the  adrenalin 
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came  in  contact  with  it,  thus  removing  the  adrenalin.     But  I  must 
admit  that  I  have  not  been  persistent  enough  in  my  attempts. 

I  may  perhaps  put  on  record  that  in  two  instances  I  made  an  oper- 
ated cat  drink  milk  to  which  6  c.c.  of  adrenalin  had  been  added. 
About  an  hour  after  the  partaking  of  the  milk,  the  pupil  on  the  gang- 
lion side  began  to  dilate.  The  dilatation  lasted  for  a  few  hours,  butt 
was  never  considerable. 

In  one  operated  cat  which  was  kept  under  a  moderate  ether  anaes- 
thesia, and  in  which  there  was  no  perceptible  difference  between  the 
two  pupils,  an  intravenous  injection  of  I  c.c^  of  adrenalin  brought  on 
a  maximum  dilatation  of  the  pupil  on  the  ganglion  side  which  lasted 
for  one  hour.  At  the  end  of  that  time  the  cat  was  killed,  but  the 
dilatation  of  the  pupil  persisted  for  two  hours  longer. 

Like  Langendorff,'  I  have  also  observed  that  in  a  deeply  etherized 
cat  the  pupil  on  the  "  ganglion  side  "  becomes  greatly  dilated,  while 
on  the  "  sympathetic  side "  the  pupil  remains  unchanged.  This 
occurred  only  when  the  deep  anaesthesia  was  carried  on  and  com- 
pleted under  a  glass  bell,  in  the  same  manner  as  was  stated  by  Lan- 
gendorS.  By  this  method,  however,  we  have  not  only  ansesthesia  by 
ether,  but  also  asphyxia  by  carbon  dioxide.  When,  however,  in  an 
early  stage  of  the  anaesthesia  the  cat  was  quickly  removed  from  under 
the  bell  and  fastened  on  a  board,  and  the  ether  administered  in  free 
air,  the  animal  was  under  a  fairly  good  anaesthesia  without  showing 
any  marked  difference  between  the  two  pupils. 

>  Lancendorff  :  LtK.  cil. 
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STUDIES  ON  THE  "PARADOXICAL"  PUPIL-DILATA- 
TION CAUSED  BY  ADRENALIN.  III.  — A  DISCUS- 
SION OF  THE  NATURE  OF  THE  PARADOXICAL 
PUPIL-DILATATION   CAUSED  BY  ADRENALIN. 

By  S.  J.   MELTZER  and  CLARA   MELTZER  AUER.i 
[Ftvm  tie  Raclufelltr  Inititutt  for  AtidUat  XitcareA.'] 

IN  the  foregoing  reports  it  has  been  shown  that  subcutaneous 
injections  (or  instillations)  of  adrenalin  have  no  effect  upon  the 
normal  pupil  nor  upon  a  pupil  whose  sympathetic  nerve  was  cut  or 
resectetl.  But  if  the  superior  cervical  ganglion  was  removed,  adrena- 
lin invariably  caused  a  strong  and  long-lasting  dilatation  of  the 
corresponding  pupil.  The  presence  of  the  ganglion  then  prevents 
the  dilating  effect  of  adrenalin  upon  the  pupil;  by  its  excision  some- 
thing is  removed  which  is  normally  an  obstacle  to  the  dilatation.  It 
has  long  been  known  that  when  the  sympathetic  nerve  is  cut,  the 
pupil  becomes  smaller.  The  generally  accepted  interpretation  of 
this  phenomenon  is  that  the  nerve  fibres  of  the  sympathetic  are 
continually  carrying  mydriatic  impulses  to  the  pupil,  which  are  dis- 
continued by  section  of  the  nerve.  It  would  seem  to  be  the  same 
logical  interpretation  to  state  that  by  the  excision  of  the  ganglion 
certain  normal  myotic  impulses  are  removed.  But  we  would  then 
have  to  assume  that  the  sympathetic  nerve  carries  to  the  pupil  from 
the  central  nervous  system  mydriatic  impulses,  and  that  the  superior 
cervical  ganglion  sends  myotic  impulses  through  the  postganglionic 
fibres.  In  other  words,  the  ganglion  generates  and  sends  to  the  peri- 
pheral tissues  impulses  of  its  own,  which  in  their  character  are  just 
opposite  to  those  sent  by  the  central  nervous  system  through  the 
sympathetic  nerve  fibres. 

However,  the  conception  of  the  cervical  sympathetic  system  as  a 
conveyer  of  mydriatic  impulses  to  the  pupil  is  more  than  sixty  years 
old  and  is  deeply  rooted.    The  early  and  oft  expressed  claim  that  the 

^  Research  scholar  of  the  Rockefeller  Institute  for  medical  research. 


byGoogle 


Paradoxical  Pupil- Dilatation  Caused  by  Adrenalin.     41 

superior  cervical  ganglion  sends  up  impulses  of  its  own  had  refer- 
ence only  to  such  impulses  as  were  exactly  of  the  same  character  as 
those  carried  by  the  sympathetic  nerve, — additional  mydriatic  im- 
pulses. When,  therefore,  facts  became  known  showing  the  occurrence 
of  the  dilatation  of  the  pupil  after  removal  of  the  ganglion,  these  facts 
did  not  give  rise  to  the  logical  interpretation  that  the  ganglion  might 
normally  send  myotic  impulses;  the  phenomena  were  simply  dubbed 
"paradoxical." 

The  term  "  paradoxical  pupil-dilatation  "  is  of  very  recent  origin. 
It  was  introduced  a  few  years  ago  by  Langendorff '  to  designate  a 
group  of  dilatations  of  the  pupil  occurring  under  certain  conditions 
after  removal  of  the  superior  cervical  ganglion.  To  this  group  be- 
longs in  the  first  place  also  the  old  observation  of  Budge,  that  when 
the  Sympathetic  nerve  is  cut  on  one  side  below  the  superior  ganglion, 
and  on  the  other  side  the  postganglionic  fibres  are  cut  (thus  exclud- 
ing the  influence  of  the  ganglion),  a  day  or  two  after  the  operation 
the  pupil  on  the  "  ganglion  side  "  is  a  little  wider  than  the  one  on 
the  sympathetic  side.  Of  the  other  conditions  which  favor  the  ap- 
pearance of  the  paradoxical  pupil-dilatation  we  have  to  mention  deep 
anaesthesia  by  chloroform,  ether,  or  chloral,  asphyxia,  and  excitement 
of  the  animal.  If  the  ganglion  were  removed  on  one  side,  and  the 
sympathetic  nerve  cut  on  the  other  side,  these  conditions  would  cause 
a  wide  dilatation  of  the  pupil  on  the  "  ganglion  side,"  with  no  effect 
upon  the  pupil  on  the  "  sympathetic  side."  It  was  also  observed  that 
curare  had  the  same  effect.' 

Besides  Langendorff,  who  studied  the  phenomena  carefully,  and 
who  deserves  special  credit  for  having  directed  attention  to  them,  the 
subject  was  investigated  by  many  observers  before  him.  Langen- 
dorff himself  mentions  as  his  forerunners.  Budge,'  Surminsky,* 
Tuwim,"  and  Schiff.^    Besides  these  authors,  the  phenomena  were 

>  Langendorff  :  Loc.  til. 

'  It  is,  however,  a  question  whether  in  the  cases  of  anxsthesia  as  well  as  of 
curare  the  paradoxical  mydriasis  is  not  due  to  the  concomitant  asphyxia.  In  the 
above-described  observations  of  one  of  us  upon  cats,  anxslhesia  without  asphyxia 
never  brought  out  the  paradoxical  pupil-dilatation.  The  same  was  observed  by 
H.  K.  Anderson,  who  is  of  the  opinion  that  the  effect  of  ansesthesia  "  is  not  direct, 
t>i)t  indirect  by  the  anaesthesia  it  causes." 

*  Budge  :  Loe.  tit- 

*  SVRMtNSKV:  Zeitschrift  fiJr  rationelle  Medicin,  i869,xxxvi,  p.  231. 

*  TuwiM :  Archiv  fiir  die  gesammte  Physiologie,  1S81,  xxiv,  p.  137. 

*  Schiff:  Gesammelte  BeitrSge,  1896,  iii,  p.  107. 
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carefully  studied  by  Kowalewsky,'  Braunstein^  and  Roebroeck.^  Since 
the  publication  of  LangendorfF's  paper,  the  subject  was  studied  and 
discussed  by  Levinsohn,'  Lewandowsky'  and  H.  K.  Anderson.' 

We  should  add  that  the  conditions  which  bring  out  the  paradoxical 
pupil-dilatation  cause  also  a  widening  of  the  palpebral  fissure  and  a 
retraction  of  the  nictitant  membrane. 

The  paradoxical  pupil-dilatation  following  the  injection  or  instilla- 
tion of  adrenalin,  which  we  have  described  above,  is  in  most  respects 
similar  to  the  phenomenon  observed  under  the  other  conditions.  It 
cannot  be  due,  however,  to  pain  or  excitement  of  the  animal  caused 
by  the  injection,  since  in  all  cases  the  dilatation  takes  place  long 
after  the  injection ;  and  it  cannot  be  due  to  asphyxia,  since  it  occurs 
after  the  use  of  such  small  doses  as  produce  no  ill  effect  whatever 
upon  the  animal ;  and  since  it  is  also  produced  by  instillations  which 
exert  only  a  local  influence.  The  effect  is  apparently  due  to  the 
specific  action  of  adrenalin  upon  the  concerned  tissues.  But  what 
is  the  nature  of  this  action,  and  which  tissues  are  affected?  Wbat  is 
the  mechanism  of  this  mydriasis?  For  the  interpretation  of  the 
paradoxical  pupil-dilatation  consequent  upon  the  causes  enumerated 
above  (aniesthesia,  etc.),  there  are  a  number  of  theories.  Budge 
assumes  that  the  total  abolition  of  the  tonus  of  the  dilator  pupillse, 
which  is  accomplished  by  the  removal  of  the  ganglion,  leads  finally 
also  to  a  relaxation  of  the  sphincter, — a  sort  of  atrophy  by  disuse. 
This  theory  was  also  accepted  by  Tuwim,  and  is  at  present  advocated 
by  Levinsohn.  Surminsky  assumed  that  these  dilatations  are  caused 
by  constrictions  of  the  blood-vessels  of  the  iris.  Braunstein  is  of  the 
opinion  that  the  dilatations  are  caused  by  a  cortical  inhibition  of 
the  sphincter.  Langendorff  and  also  Roebroeck  assume  that,  after 
the  removal  of  the  ganglion,  the  dilator  is  more  or  less  in  a  state  of 
contracture  kept  up  by  the  processes  within  the  degenerating  post- 
ganglionic nerve  fibres.    Kowalewsky  assumes  that  the  ganglion  sends 

'  Kowalewsky  :  Loc.  cii. 

'  Braunstein:  Zur  Lehre  von  der  Innenration  der  Pupillenbewegung,  Wies- 
baden, 1894. 

*  Roebroeck:  Het  Ganglion  Supremum  Colli  NcTvi  Sympathici,  Utrecht, 
van  Boekhoven,  1895. 

*  Levinsohn  ;  Kiinische  MonatsblStter  fiir  Augenbeilkunde,  1900,  xxxviii, 
p.  £25;  Archtv  fiir  Ophthalmologic,  1902,  Iv,  p,  153. 

*  Lewandowskv:  Sitzungsberichle  der  Kbniglidi-Freussischen  Akademie 
der  Wissenschaften,  1900,  p.  1136;  Archiv  fiir  Physiologie,  1903,  p.  367. 

*  H.  K.  Anderson  :  Journal  of  physiology,  1903,  xxx,  p.  390. 
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exciting  as  well  as'inhibiting  nerve  fibres  to  the  dilator.  Lewandow- 
sky  finally  is  of  the  opinion  that  the  dilatation  is  due  to  an  increased 
excitability  of  the  dilator  muscle  owing  to  the  loss  of  an  inhibitory 
influence  exercised  by  the  ganglion  over  that  muscle. 

In  stating  our  views  as  to  the  nature  and  course  of  the  paradoxical 
state  in  question,  we  shall  restrict  our  discussion  to  the  pupil-dilata* 
tion  caused  by  adrenalin.  Neither  shall  we  enter  into  a  general  dis- 
cussion of  the  availability  of  the  above-quoted  theories  for  our  special 
case.  We  shall  try  to  state  our  interpretation  of  the  phenomena 
observed  by  us  without  attempting  to  controvert  the  views  promul- 
gated by  others. 

There  is,  however,  one  of  the  older  interpretations  which  seems  to 
have  been  definitely  disposed  of  by  our  present-day  writers,  but 
which,  it  seems  to  us,  requires  a  discussion  in  our  special  experience. 
It  is  the  theory  that  the  pupil-dilatations  are  caused  by  a  contraction 
of  the  blood-vessels.  As  the  constriction  of  the  blood-vessels  is 
the  chief  characteristic  of  adrenalin,  we  have  indeed  to  investi- 
gate whether  the  dilatation  of  the  pupil  is  not  simply  due  to  this 
constriction. 

When  Lewandowsky '  first  discovered  the  brief  dilatation  of  the 
pupil  after  an  intravenous  injection  of  the  suprarenal  extract,  he 
already  touched  upon  the  question'  whether  it  be  not  due  to  the 
vasoconstriction  of  the  vessels  of  the  iris,  but  dismissed  this  sugges- 
tion by  the  remark  that  the  dilatation  is  too  great  to  be  caused  by 
the  constriction  of  the  vessels.  Lewandowsky  had  apparently  in 
mind  the  older  view  of  the  dilatation  of  the  pupil  being  caused 
mechanically  by  the  constriction  of  the  blood-vessels.  But  with 
adrenalin  there  is  another  side  to  this  question.  The  constriction  of 
the  vessels  is  so  strong  as  to  cause  local  anaemia  or  local  asphyxia, 
and  the  question  can  be  raised  indeed  whether  the  pupil-dilatation 
is  not  caused  indirectly  by  the  local  asphyxia.  The  pupil-dilatation 
which  we  observed  to  occur  after  administration  of  adrenalin  would 
thus  be  simply  another  variety  of  paradoxical  mydriasis  due  to  as- 
phyxia. This  might  appear  the  more  plausible  since  we  know  that 
after  the  removal  of  the  ganglion  (or  section  of  the  sympathetic),  the 
constriction  of  the  blood-vessels  of  the  ear  lasts  a  long  time  ;  and  we 
might  justly  assume  that  after  their  release  from  the  influence  of  the 
sympathetic  nerve,  the  blood-vessels  of  the  iris  under  the  influence 
of  adrenalin  also  remain  contracted  for  a  long  time. 
•  Lewandowskv  :  Lee.  cit. 
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The  facts  that  the  palpebral  fissure  and  nictitaht  membrane  also 
show  a  paradoxical  behavior,  which  was  formerly  adduced  as  a  proof 
against  the  blood-vessel  theory  of  the  dilatation  of  the  pupil,  cannot 
be  used  in  our  case,  as  the  muscles  concerned  in  these  phenomena 
might  also  be  asphyxiated  and  thus  cause  the  tonic  contraction. 

There  is,  however,  one  fact  in  our  experience  which  seems  to  speak 
against  this  assumption.  For  the  blood-vessels  of  the  ear  we  have 
established  that  the  simple  section  of  the  sympathetic  is  sufficient  to 
prolong  the  constricting  effect  of  adrenalin,  and  that  the  removal  of 
the  ganglion  does  not  increase  this  effect.  We  are  justified  in  as- 
suming that  the  same  holds  good  also  for  the  other  blood-vessels 
under  the  control  of  the  sympathetic,  including  the  vessels  of  the 
iris.  Nevertheless  administration  of  adrenalin  causes  dilatation  of 
the  pupil  only  after  removal  of  the  ganglion  and  not  after  section  of 
the  sympathetic  nerve.  Furthermore,  we  have  often  observed  a  dila- 
tation of  the  pupil  after  injection  of  such  a  small  dose  of  adrenalin  as 
had  no  effect  upon  the  blood-vessels  of  the  ear.  Finally  the  dilated 
pupil  after  injection  of  adrenalin  persisted  for  hours  after  the  death 
of  the  animal,  when  there  could  hardly  have  been  any  difference  in 
the  state  of  asphyxia  between  the  tissues  of  the  two  eyes.  Moreover, 
we  ought  also  to  point  out  that  there  is  no  gain  in  the  assumption 
that  the  contraction  of  the  smooth  muscle  fibres  of  the  eye  is  due  to 
asphyxia,  and  not  to  direct  stimulation  by  the  adrenalin.  Since  we 
know  that  this  substance  causes  prompt  contraction  of  the  muscular 
sheath  of  the  blood-vessels,  why  can  we  not  assume  that  it  can  also 
cause  the  contraction  of  the  dilator  muscle  of  the  pupil? 

In  presenting  now  our  view  of  the'  nature  of  the  paradoxical  pupil- 
dilatation  following  the  administration  of  adrenalin,  we  shall  state  at 
the  outset  that  we  see  in  this  phenomenon  an  indication  indeed,  as 
we  have  stated  at  the  beginning  of  our  paper,  that  the  ganglion 
sends  normally  impulses  which  prevent  the  dilatation  of  the  pupil, — 
impulses  which  are  opposite  to  tho$6  carried  by  the  sympathetic 
nerve  and  which  are  represented,  in  part  at  least,  by  inhibition  of 
the  excitability  of  the  dilator  muscle.  This  agrees  in  general  with 
the  views  of  Kowalewsky  and  of  Lewandowsky.  We  further  agree 
with  Lewandowsky  and  Anderson  that  the  paradoxical  phenomena 
are  due,  in  part  at  least,  to  an  increased  excitability  of  the  contractile 
tissues  which  have  been  freed  from  the  influence  of  the  ganglion. 
We  finally  also  agree  with  the  views  of  Lewandowsky  and  Langley 
that  the  suprarenal  extract  causes  dilatation  of  the  pupil  and  the 


ibyGooglc 


Paradoxical  Pupil-Dilatation  Caused  by  Adrenalin.     45 

other  smooth  muscles  of  the  eye  by  directly  stimulating  the  con- 
tractile tissues.  In  order  to  state  our  own  view  more  explicitly, 
however,  we  have  to  go  a  little  further. 

It  is  now  well  established  that  the  dilatation  of  the  pupil  is  accom- 
plished by  the  contraction  of  a  muscle,  the  dilatator  pupillae,  just 
as  the  constriction  of  the  pupil  is  accomplished  by  the  contraction 
of  the  constrictor  pupillx.  Both  muscles  are  exact  antagonists,  just 
as  are  such  muscles  as  the  extensors  and  flexors  of  an  extremity ;  or 
as  tbe  rectus  extemus  and  tntemus  of  an  eye.  The  constriction  and 
dilatation  of  the  pupil  change  with  great  rapidity,  and  the  rapid  play 
goes  on  nearly  continually.  Coutd  such  a  rapid  play  ever  take  place 
if  during  the  contraction  of  one  muscle  its  antagonist  should  still  be 
contracted  and  would  simply  have  to  be  overpowered  by  sheer  force? 
This  seems  hardly  to  require  any  discussion.  Nobody  claims  it. 
The  one  antagonist  is  relaxed  in  proportion  as  the  other  contracts. 
What  causes  the  relaxation  ?  Is  it  simply  a  withdrawal  of  the  im- 
pulse for  contraction?  We  deal  here  with  smooth  muscle  fibres 
whose  contraction  when  once  started  would  last  a  good  many  seconds, 
while  the  changes  in  the  width  of  the  pupil  take  place  within  a  frac- 
tion of  a  second.  The  conclusion  is  unavoidable  that  the  relaxation 
is  an  active  one,  —  an  inhibition  of  the  contraction,  not  only  of  a 
tonus,  as  is  often  stated,  but  of  an  active  contraction.  And  the 
further  conclusion  is,  therefore,  unavoidable  that  with  each  con- 
traction of  the  dilator  a  simultaneous  proportionate  inhibition  of  the 
constrictor  takes  place,  and,  conversely,  with  each  contraction  of  the 
constrictor  a  simultaneous  inhibition  of  the  dilator  takes  place.' 

'  I  wish  to  append  here  the  following  remark :  In  my  paper  Das  Schluckcen' 
tnim,  seine  Irradiationen,  etc-  (ou  Bois  Revuond's  Archiv  fiir  Physiologie,  1883, 
p.  209),  I  stated  that  in  order  to  execute  proper  locomotion  the  nerve  which 
controls  flexion  ought  also  to  carry  inhibitory  fibres  for  the  extension  of  an  ex- 
tremity. I  have  then  called  attention  to  the  fact  that  such  a  proper  antagonistic 
arrangemeDt  is  to  be  found  In  the  nervous  mechanism  of  the  respiratory  function  ; 
for  instance,  the  stimulation  of  the  superior  laryngeal,  the  second  branch  of  the 
trigeminus  and  tbe  central  end  of  the  splanchnic  nerves,  causes  a  contraction  of 
the  expiratory,  and,  simultaneously,  an  inhibition  of  the  inspiratory  muscles.  I  have 
also  pointed  out  that  from  the  "  expiratory  centres  "  (Christiani}  active  expiration 
and  inhibition  of  inspiration  can  be  produced  \  i.  t.  "  that  the  centre  for  inhibition 
of  inspiration  is  anatomically  associated  with  that  for  active  expiration  and  not 
with  that  for  active  Inspiration."  It  was  not  until  a  good  many  years  later  that 
Sherrington  showed  that  stimulation  of  the  central  end  of  the  nerve  for  the 
Bexors  (hamstring  muscles)  causes  an  inhibition  of  the  extensor  cruris;  and 
that  Sherhington  and  H.  K.  Herinc  demonstrated  that  the  »ame  cortical  area 
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In  this  connection  the  experiments  of  E.  Waymouth  Reid'  on  the 
electrical  currents  of  the  iris  during  dilatation  and  constriction  are  of 
considerable  interest.  We  know  now  that  during  the  contraction 
of  a  muscle  the  electrical  current  is  of  a  negative,  and  during  its 
inhibition  of  a  positive  variation  (Gaskell).  Now  Reid  connected  one 
pair  of  electrodes  with  the  constrictor,  and  another  pair  with  the 
dilator  of  the  pupil,  and  observed  the  character  of  the  currents  which 
appeared  during  constriction  and  dilatation.  When  dilatation  of  the 
pupil  was  caused  by  stimulating  the  peripheral  end  of  the  sym- 
pathetic nerve,  it  was  found  that  the  current  of  the  dilator  showed 
a  negative  variation,  while  that  of  the  constrictor  showed  a  positive 
variation.  This  shows  that  the  impulses  sent  through  the  sym- 
pathetic to  the  pupil  are  of  two  kinds:  excitation  to  the  dilator  and 
inhibition  to  the  sphincter.  The  reverse  occurred  when  a  constric- 
tion was  caused  by  stimulating  intracranialty  the  oculo-motor  nerve. 

We  have  said  above  that  the  impulses  sent  by  the  ganglion  are 
just  the  opposite  to  those  carried  by  the  sympathetic  nerve.  We  can 
now  say  more  precisely  that  the  impulses  of  the  ganglion  are:  inhi- 
bition of  the  dilator  and  excitation  of  the  constrictor.  As  is  usual 
with  all  antagonistic  nerve  fibres  when  they  are  stimulated  simul- 
taneously with  the  same  strength,  a  resultant  follows  showing  con- 
siderable predominance  of  the  effects  of  one  of  the  nerves.     (Vagus 

from  which  one  group  of  muscles  can  be  made  to  contract  contains  also  the  cen- 
tre for  inhibition  of  the  antagonistic  group  of  muscles.  V.  Basch  and  Ehrman, 
and  Fellner  and  v.  Zeissl  have  stated  thai  the  nerve  trunk  which  contains 
the  fibres  inhibiting  the  circular  muscle  fibres  of  the  small  or  large  intestine,  or  the 
constrictor  vesicz,  carries  also  the  nerve  fibres  which  cause  contraction  of  the 
(antagonistic)  longitudinal  muscle  fibres  of  the  intestine  or  the  detrusor  vesicz, 
and  vice  versa.  They  called  this  nervous  arrangement  of  the  organs  "  crossed 
innervation."  Sherkington  designated  the  correlated  phenomena  which  he  ob- 
served on  skeletal  muscles  "reciprocal  innervation."  In  my  second  paper  on 
inhibition  (The  ROle  of  Inhibition,  etc.,  Medical  Record,  1902,  p.  SSi),  in  which  1 
have  shown  that  the  inhibition  of  one  group  during  the  activity  of  the  antagonistic 
group  of  muscles,  smooth  or  striated,  is  a  wide-spread  phenomenon  through  many 
of  the  mechanisms  of  animal  life,  I  have  termed  this  correlation:  The  Law  of 
Crossed  Innervation.  In  a  recent  paper,  however  (Archiv  fiir  Verdauungskrank- 
heiten,  1903,  ix,  p.  450),  in  which  I  have  dealt  extensively  with  the  same  subject, 
I  have  given  up,  for  reasons  stated  there,  the  term  Crossed  Innervation  and 
designated  the  relations  under  discussion  as  The  Law  of  Contrary  Innervation. 
The  inhibition  of  the  sphincter  pupilli  during  an  excitation  of  the  dilator,  or  the 
inhibition  of  the  dilator  during  a  contraction  of  the  pupil,  is  a  good  illustration  of 
the  Law  of  Contrary  Innervation.     S.  J.  M. 

1  E.  Wavmouth  Reid  :  Journal  of  physiology,  1895,  Jtvii,  p.  438. 
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and  augmentor,  sympathetic  nerve  and  chorda,  erigentes  and  hy- 
pogastrici,  etc.)  Of  the  cells  of  the  ganglia  some  serve  for  the 
transmission  of  impulses  from  the  central  nervous  system,  brought 
to  the  ganglia  through  the  sympathetic  nerve  fibres,  and  some  gene- 
rate new  impulses.  When  the  ganglion  is  stimulated,  the  effect  upon 
those  elements  which  carry  the  impulses  from  the  central  nervous 
system  predominate.  Hence  stimulation  of  the  ganglion  will  al- 
ways cause  a  more  or  less  distinct  dilatation  of  the  pupil  (H.  K. 
Anderson).  It  is  possible  also  that  the  impulses  sent  by  the  gang- 
lion are  -normally  weaker  than  those  sent  by  the  central  nervous 
system.  ■  When,  however,  by  cutting  the  sympathetic  nerves,  the 
impulses  carried  by  these  fibres  become  eliminated,  then  the  im- 
pulses of  the  ganglia  come  to  the  front.  The  constriction  of  the 
pupil  after  section  of  the  sympathetic  nerve  is,  perhaps,  due  not  only 
to  the  elimination  of  the  tonic  impulses  from  the  central  nervous 
system,  but  also  to  the  new  activity  of  the  previously  overpowered 
antagonistic  impulses  of  the  ganglion.  When,  after  a  previous  sec- 
tion of  the  sympathetic  nerve,  the  ganglion  is  removed  by  excision 
(or  evulsion),  the  very  act  of  the  excision  ^  will,  in  the  first  place,  act 
as  an  additional  stimulus  upon  the  postganglionic  fibres  which  nor- 
mally carry  the  subdued  ganglionic  impulses.  The  first  effect  of  the 
removal  will,  therefore,  sometimes  be  an  increase  in  the  constriction  of 
the  corresponding  pupil ;  at  all  events  it  will  not  diminish  the  con- 
striction. Since  after  removal  of  the  ganglion  there  are  no  opposing 
impulses  to  overcome  the  stimulating  effect  of  the  section,  or  evul- 
sion, this  effect  will  wear  off  only  slowly,  after  hours  or  even  days. 
Gradually,  however,  the  stimulating  effect  of  the  cut  or  tear  disap- 
pears, and  the  pupil  is  now  released  from  the  hold  of  the  ganglion. 
The  first  visible  effect  is  a  slight  dilatation  of  the  pupil  again.  But 
among  other  usually  not  noticeable  effects  is  the  increased  excita- 
bility of  the  dilator  muscle  (after  being  freed  from  the  inhibitory 
impulses  of  the  ganglion),  and  the  diminished  readiness  of  the  con- 
strictor (after  being  deprived  of  the  continually  exciting  impulses). 

We  now  know  that  the  suprarenal  extract  can  cause  a  constriction 
as  well  as  an  inhibition  of  smooth  muscle  fibres.  It  causes  constric- 
tion of  the  blood-vessels,  contraction  of  the  erector  muscles  of  the 
hair,  of  the  uterus  of  the  rabbit,  etc.,  and  it  causes  inhibition  of  the 

'  Any  cut  can  be  felt  for  many  hours  and  days;  at  the  cut  end  of  a  nerve  a 
stimulation  is  apparently  going  on  for  some  time,  even  though  its  objective  effect 
cannot  be  demonstrated  in  all  cases. 


byGoogle 


48  S.  y.  Meltzer  and  Clara  Meltzer  Auer. 

stomach,  intestines,  bladder,  etc.  Our  assumption  with  regard  to  the 
pupil  is  that  adrenalin  affects  it  by  exciting  the  dilator  and  inhibiting 
the  constrictor.  When  the  normal  impulses  of  the  superior  cervical 
ganglia  are  present  and  active,  they  antagonize  these  effects.  Sub- 
cutaneous injections  or  instillations  which  carry  slowly  and  only 
minute  doses  of  the  suprarenal  extract  to  the  muscles  of  the  iris,  are 
easily  overcome  by  the  antagonistic  impulses  emanating  from  the 
ganglion,  and  even  when  injected  intravenously  the  efTect  is  very 
brief,  since  the  effective  dose  is  soon  diminished  and  its  balance  is 
overpowered  by  the  impulses  from  the  ganglion.  When,  however, 
the  ganglion  and  its  antagonistic  impulses  are  removed,  and  the 
stimulating  effect  of  the  cutting  has  vanished,  or  has  been'greatly 
diminished,  the  suprarenal  extract  meets  with  no  antagonism,  and 
hence  the  prolonged  effect  of  an  intravenous  injection  of  adrenalin 
upon  the  blood-vessels  and  pupil,  and  the  pupil-dilating  effect  of  a 
subcutaneous  injection  or  an  instillation  of  even  a  comparatively 
small  dose  of  it. 

Furthermore,  we  are  of  the  opinion  that  the  long-lasting  effect  in 
these  cases  is  due  also  to  the  absence  of  an  antagonistic  factor  to  cut 
it  short,  and  it  seems  to  us  not  unreasonable  to  assume  that  the  con- 
tinuation of  the  effect  for  some  time  after  death  is  due  also  to  the 
absence  of  a  factor  to  remove  it. 

To  sum  up  our  view  in  a  few  words :  we  believe  that  the  normal 
effect  of  the  superior  cervical  ganglion  is  to  inhibit  the  dilator  and 
to  stimulate  the  constrictor,  and  the  effect  of  suprarenal  extract  is 
just  the  reverse  of  it,  1.  e.  to  excite  the  dilator  and  inhibit  the  con- 
strictor. The  extract  can,  therefore,  show  its  proper  effect  only  after 
the  antagonistic  activity  of  the  ganglion  is  removed. 

The  "  paradoxical "  opening  of  the  lids  after  subcutaneous  injection 
of  adrenalin  can  be  explained  on  the  same  lines  as  that  of  the  para- 
doxical pupil-dilatation;  but  we  shall  not  enter  here  into  a  detailed 
discussion  of  it. 

Neither  shall  we  enter  at  present  into  a  discussion  of  the  obvious 
applicability  of  our  interpretation  also  to  the  paradoxical  pupil-dila- 
tation caused  by  other  factors  Cansesthesia,  etc.).  We  offered  our 
interpretation  of  the  phenomena  observed  by  us  as  a  working  hy- 
pothesis. Its  general  applicability  can  wait  until  it  is  tested  by  more 
work. 

The  phenomena  in  the  eye  wc  have  found  while  testing  the  hy- 
pothesis which  we  offered  in  explanation  of  the  observations  we  made 
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on  the  ear-vessels.  We  found  that  on  intravenous  injection  of 
adrenalin  the  blood-vessels  of  the  ear  on  the  side  on  which  the  sym- 
pathetic and  cervical  nerves  were  cut  remained  constricted  incom- 
parably longer  than  on  the  normal  side.  We  explained  this  by  the 
assumption  that  the  section  of  the  nerves  excluded  the  central 
vasodilating  effect,  assuming  further  that  the  suprarenal  extract 
within  the  blood  is  soon  reduced  to  the  value  of  a  weak  stimulus 
which  favors  dilatation.  In  pursuance  of  this  hypothesis,  we  found 
further  that  subcutaneous  injection  of  moderate  doses  of  adrenalin 
can  indeed  cause  a  dilatation  of  the  ear-vessels  of  a  normal  animal, 
but  that  the  same  dose  will  invariably  cause  a  long-lasting  constric- 
tion of  the  ear-vessels  when  the  sympathetic  and  cervical  nerves  had 
been  previously  cut.  For  the  pupil  we  found  that  a  subcutaneous 
injection  has  no  effect  on  the  normal,  nor  is  the  effect  improved  when 
the  sympathetic  nerves  are  cut.  But  subcutaneous  injections,  as  well 
as  instillations,  have  a  marvellous  effect  when  the  superior  cervical 
ganglion  is  removed.  In  other  words,  subcutaneous  injection  has 
practically  no  effect  upon  either  vasoconstrictors  or  pupil;  in- 
travenous injection  affects  the  pupil  for  a  fraction  of  a  minute,  and 
the  vasoconstrictors  for  four  or  five  minutes.  But  after  exclusion  of 
the  central  influences,  the  constriction  (of  ear-vessels)  lasts  an  hour 
and  longer,  and  after  removal  of  the  ganglion,  the  dilatation  of  the 
pupil  lasts  for  hours,  whether  the  adrenalin  was  administered  in- 
travenously or  subcutaneously.  It  is  the  central  nervous  system 
which  interferes  with  the  vasoconstriction,- and.  it  is  the  gang- 
lion which  interferes  with  the  pupil-dilatation.  Our  first  hypothesis 
reads  that  the  central  nervous  system  interferes  with  the  vasoconstric- 
tion by  means  of  the  usual  antagonism  of  the  latter,  (.  e.  by  means  of 
vasodilatation;  our  present  hypothesis  reads  that  the  ganglion  inter- 
feres with  the  pupil-dilatation  by  the  usual  antagonism  to  the  latter, 
i,  €.  by  means  of  the  inhibition  of  the  dilator  and  excitation  of  the 
constrictor. 

We  should  point  out  the  fact  that  the  interference  of  the  central 
nervous  system  concerns  an  organ  which  has  only  one  set  of  muscle 
fibres  —  the  constricting  muscle  fibres  of  the  blood-vessels ;  while  the 
interference  of  the  ganglion  concerns  organs  which  have  antagonistic 
sets  of  muscle  fibres  —  the  constrictor  and  dilator  of  the  pupil  (and 
also  the  muscles  increasing  and  decreasing  the  width  of  the  palpebral 
fissure}.  In  our  experience  the  interference  with  the  nictitant  mem- 
brane came  from  the  central  nervous  system,  —  the  membrane  readily 
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retracted  on  injection  of  adrenalin  after  section  of  the  sympathetic 
nerve.  According  to  the  emphatic  statement  of  Lewandowsky,  there 
is  no  antagonistic  muscle  to  the  membrane.  We  should  mention  here 
that  in  our  studies  on  the  effect  of  the  cervical  sympathetic  system  on 
inflammation  produced  in  the  ear,  we  found  that  the  course  is  much 
more  unfavorably  affected  by  the  section  of  the  sympathetic  nerve 
than  by  the  excision  of  the  superior  cervical  ganglion.  We  had  (o 
explain  these  surprising  conditions  also  by  the  assumption  that  the 
metabolic  influences  of  the  ganglion  are  exactly  the  reverse  of  those 
exerted  by  the  sympathetic  nerves. 

We  should  once  more  call  attention  to  the  fact  that  our  experi- 
ments with  the  subcutaneous  injections  of  adrenalin  throw  sufficient 
light  also  upon  another  question  of  general  character,  namely,  whether 
the  suprarenal  extract  is  destroyed  through  oxidation  by  the  blood 
and  tissues.  The  short  duration  of  the  rise  of  blood-pressure  after  an 
intravenous  injection  of  the  extract  was  explained  by  Szymonowicz  * 
and  Cybulski  and  especially  by  Langlois  *  and  his  co-workers  '  to  be 
due  to  a  rapid  oxidation  of  the  extract  by  the  blood.  The  failure  to 
obtain  the  effect  upon  the  pupils  as  well  as  upon  the  blood-pressure 
by  subcutaneous  injections  was  also  explained  through  the  oxidation 
of  the  extract  by  the  tissue  (Lewandowsky,  Boruttau),  Very  re- 
cently Embden  and  v,  Furth  *  have  in  a  number  of  experiments 
mixed  the  extract  (suprarenin,  v.  Fiirth}  with  blood  and  various 
tissues  and  found  that  the  effect  of  the  extract  did  not  suffer  even 
by  prolonged  contact.  Against  this  evidence  it  could,  however,  be 
claimed  that  living  tissues  might  act  differently  upon  the  extract  than 
the  dead  substances  which  were  used  by  th^se  authors. 

Our  many  experiments  which  have  shown  that  the  effect  upon 
the  blood-vessels  as  well  as  upon  the  pupil  can  be  considerably 
prolonged  if  only  the  sympathetic  nerves  were  cut  or  the  superior 
cervical  ganglion  removed,  demonstrate  sufficiently  that  the  extreme 
brevity  of  the  effect,  or  the  failure  to  produce  any  effect,  cannot  be 
due  to  a  rapid  destruction  of  the  extract  through  oxidation  by  the 
tissues.  However  a  most  conclusive  demonstration  how, little  the 
living  tissues  affect  the  activity  of  the  extract  is  to  be  found  in  our 

'  Szymonowicz  :  Archiv  fiir  die  gesammte  Physiologic,  1896,  Ixiv,  p.  143. 

*  Langlois  :  Comptes  rendus  de  la  soaixi  de  biologic,  1897,  xlix,  p.  524. 

*  Athasasius  and  Lakglois  :  Hid.,  p.  575. 

*  EuBDKN  and  v.  FtlRTH :  Hofnietiter's  Beitrage  fiir  cheinischc  Physiologic 
und  Pathologic,  1903,  iv,  p.  421. 
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experiments  with  subcutaneous  and  intramuscular  injections  of  ad-' 
renalin  into  an  extremity  beneath  a  ligature.  Here  the  adrenalin 
remained  in  intimate  contact  with  the  tissues  for  two  hours  and 
longer  without  losing  any  of  its  effects.  In  fact,  the  effects  set 
in  more  promptly  and  rapidly  than  after  a  simple  subcutaneous 
injection. 

These  experiments  seem  to  speak  also  against  the  supposition 
made  by  Embden  and  v.  Fiirth  that  the  suprarenal  extract  might  be 
partly  destroyed  by  tbe  alkalinity  of  the  blood.  We  are  not  aware 
that  the  alkalinity  of  the  tissues  is  markedly  less  than  that  of  the 
blood.  Nevertheless,  the  efficiency  of  the  extract,  as  our  experi- 
ments show,  did  not  seem  to  suffer  by  a  prolonged  intimate  contact 
with  the  living  tissues. 

Our  experiments  teach  also,  we  believe,  an  important  pharmaco- 
dynamic lesson.  The  suprarenal  extract  or  adrenalin  is  now  a  much- 
employed  drug.  The  general  knowledge  of  its  activity  was  derived 
from  studies  made  upon  normal  animals.  From  these  studies  it  was 
learned  that  subcutaneous  injections  have  hardly  any  influence  upon 
blood-pressure  and  have  no  influence  upon  the  pupil.  We  have 
shown  that  when  the  sympathetic  is  cut  or  the  superior  cervical 
ganglion  is  removed,  such  injections  of  adrenalin  exert  a  very  prompt 
influence  indeed  and  one  of  much  longer  duration  than  in  normal 
animals.  Now  our  knowledge  of  the  effects  of  all  drugs  and  animal 
extracts  is  derived  from  studies  upon  normal  animals.  Is  that  suffi- 
cient? What  is  their  effect  upon  animals  which  ^re  deprived  of 
certain  nervous  or  other  influences  ?  Might  we  not  find  in  many,  if 
not  in  most,  of  the  cases,  influences  of  an  entirely  different  character? 
This  is  the  more  important,  since  we  are  interested  in  drugs  chiefly 
on  account  of  their  possible  influence  upon  the  animal  organism 
when  the  latter  is  in  a  pathological  condition. 
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RHYTHMS     OF     SUSCEPTIBILITY     AND     OF    CARBON 
DIOXIDE   PRODUCTION   IN   CLEAVAGE. 

By   E.   p.  LYON. 

[From  tht  Hull  Phytiolegical  Laioratirry,  Univeriily  of  CAieagv,  and  tlu  Marine 

BiaIogi£al  Zjiboratary,  Woetii  Mfflf,  Mail,\ 

TWO  years  ago  I  described  *  certain  phenomena  observed  in 
the  segmentation  of  the  echinoderm  egg  which  indicated  that 
the  successive  stages  o£  each  cell  division  are  accompanied  by  vary- 
ing susceptibility  to  poisonous  agents.  It  was  shown  that  the  egg  is 
especially  susceptible  to  potassium  cyanide  about  ten  or  fifteen  min- 
utes after  fertilization.  Gradually  the  resistance  rises  until  the  first 
cleavage.  Then  comes  a  second  susceptible  period,  followed  by  one 
of  resistance.  Apparently  this  rhythm  of  susceptibility  and  resist- 
ance accompanies  still  further  the  rhythm  of  morphological  changes 
of  cleavage.  Perhaps  it  may  prove  to  be  a  constant  phenomenon  of 
cell  division  and  give  some  insight  into  delicate  physiological  pro- 
cesses of  which  the  visible  changes  so  often  studied  must  be  only  a 
rough  suggestion. 

This  becomes  more  likely  when  one  recalls  the  fact,  also  recorded 
in  my  former  paper,  that  rhythms  of  susceptibility  and  resistance  to 
lack  of  oxygen,  no  matter  how  produced,  may  be  demonstrated.  The 
periods  of  susceptibility  were  found  to  be  the  same  for  eggs  exposed 
to  a  hydrogen  stream  as  for  those  exposed  to  potassium  cyanide. 

It  seemed  worth  while,  therefore,  during  my  stay  at  Woods  Hole 
last  summer  to  test  the  susceptibility  of  the  egg  during  cleavage  to 
other  agents.     Heat  and  cold  particularly  gave  marked  results. 

Effects  of  hettt.  —  In  these  experiments  several  similar  dishes  were 
prepared  by  careful  cleaning  and  sterilization.  Equal  quantities  of 
unfertilized  arbacia  eggs  were  placed  in  the  dishes.  These  dishes 
were  kept  at  the  same  temperature.  To  dish  No.  i  was  added  a 
known  quantity  of  sperm.  Ten  minutes  later  (or  after  any  other 
desirable  interval)  the  eggs  in  dish  No.  2  were  fertilized  by  the  same 

'  This  journal,  1902,  vii,  p.  56. 
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amount  of  sperm.  Again  after  an  interval,  dish  No.  3.  This  con- 
tinued until  six  to  ten  different  lots  had  been  fertilized  at  as  many 
different  times.  Thus  at  a  time  when  the  eggs  in  dish  No.  i  might 
be  in  the  two-cell  stage,  perhaps  dish  No.  3  would  be  approaching 
cleavage  and  dish  No.  10  be  only  just  fertilized. 

Meanwhile  in  a  large  bath  of  warm  water  an  equal  number  of 
dishes,  containing  equal  amounts  of  sea-water  and  carefully  brought 
to  even  temperatures,  had  been  provided.  The  fertilized  eggs  were 
quickly  transferred  to  the  similarly  numbered  dishes  of  warm  sea- 
water.  After  proper  intervals,  equal  quantities  were  removed  from 
each  of  the  warm  dishes,  returned  to  numbered  dishes  of  sea-water  at 
room  temperature,  and  left  to  develop.  Later  the  percentage  of  larvae 
produced  or  the  percentage  of  cleavage  was  ascertained  for  each 
sample,  or  more  general  statements  of  the  degrees  of  development 
recorded.    The  results  are  best  expressed  in  tabular  form. 

EXPERIMENT  I. 


No.  of  minules  elapsed  after  fertilization 
before  eggs  exposed  to  heat     .    .    .    ■ 

Per  c«nt  plutei  from  eggs  exposed  to  32° 
C,  for  10  minutes 

Per  cent  plutei  from  ecnis  exposed  to  32° 
C.  for  ll5  minutes    .  **    .  V  .     .     .     . 

7 
85 
67 

15 
60 

58 

23 
65 

67 

30 
30 
26 

40 
30 

36 

48 
26 
18 

EXPERIMENT  II. 


s  elapsed  after  fertiliiation 
\  eggs  exposed  '    ' 


EXPERIMENT  III. 


No.  of  minules  elapsed  after  fertiliiation 

before  eggs  exposed  to  heat     .... 

Per  cent  plQiei  from  eggs  exposed  to  35° 


These  results  make  it  plain  that  the  eggs  at  the  period  just  before 
division  are  more  easily  injured  by  the  treatment  to  which  they  were 
subjected  than  at  earlier  stages.  Immediately  after  the  entrance  of 
the  sperm  the  egg  is  more  susceptible  than  a  few  minutes  later.  The 
period  of  greatest  resistance  seems  to  correspond  fairly  well  with  that 
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of  greatest  susceptibility  to  potassium  cyanide.  Indeed,  the  curve  of 
heat  injury  would  seem  to  be  the  reverse  of  that  of  potassium  cyanide 
or  lack  of  oxygen  injury.  That  the  effects  described  are  recurrent  or 
rhythmical  is  indicated  by  the  following  experiments. 

EXPERIMENT  IV. 
In  this  culture  the  first  cleavage  took  place  in  the  interval  between  sixtjr  and  seventy 
minute*  after  addition  of  spenn.    In  other  words,  at  the  time  of  heating,  the  sixty-minute 
specimen  contained  very  few  twocelled  forms,  while  the  seventy-minute  specinien  con- 
sisted chiefly  of  two^^llcd  stages. 


eggs  exposed  to  heat 

Per  cent  of  plulei  developed  after?  minutes  at 


EXPERIMENT  V. 
In  this  experiment,  an  observation  made  fifiy-Gve  minutes  after  fertilization  showed 
ten  per  cent  in  two-celled  stage,  while  sixty-eight  minutes  after  fertilization  practically  all 
had  passed  the  first  cleavage. 


No.  of  minutes  elapsed  after 
fertilization  before  eggs 
exposed  to  heat.    .     .     . 

Per  cent  plulei  after  ex- 
posure to  35°  for  5  mtn- 

Per    . 


The  fact  that  lo  per  cent  had  divided  in  the  fifty-five-ininute 
sample  before  it  was  exposed  to  heat  explains,  perhaps,  why  a  larger 
number  of  plutei  formed  here  than  in  the  forty-seven-minute  speci- 
men. All  the  experiments  indicate  that  the  cell  (in  ariaeia')  is  especi- 
ally sensitive  tiHteatjust  before  division  and  resistant  just  after  division. 
There  is  a  definite  rhythm  of  susceptibility  to  heat. 

BSeota  of  cold.  —  The  method  here  was  essentially  the  same.  Sev- 
eral dishes  of  sea-water  were  kept  surrounded  for  some  hours  with 
crushed  ice,  in  a  large  vessel.  The  whole  was  kept  in  a  refrigerator. 
To  these  dishes  the  eggs,  fertilized  at  varying  intervals  previously,  were 
transferred  in  equal  quantities.  A  number  of  hours  later  samples 
from  each  dish  were  warmed  to  room  temperature  and  allowed  to 
develop.  Observations  made  at  intervals  revealed  the  amounts  of 
cleavage  in  the  different  samples,  or  the  percentages  of  larvae 
produced. 
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EXPERIMENT  A. 
Part  of  the  eggs  were  at  0**  for  16  hours,  a(  the  end  of  which  time  no  change,  visible 
with  a  low  power,  had  occurred  in  any  of  them.  They  were  then  allowed  to  cone  to 
room  temperature.  Another  part  remained  at  (f  for  thirty-nine  hours,  and  then  exhibited 
00  cluuigc  on  examination  with  a  low  power.  These  were  then  allowed  to  develop  at 
room  temperature. 


No.  of  minutes  elapsed  after 
(ertiliMtion    before    eggs 
placed  in  ice   ..... 

Observations  11  hours  after 
removal  of  l6-hour  speci- 
mens from  ice     .... 

Observations  2}  hours  after 
removal  of  16-hour  speci- 
mens from  ice      .... 

Observations     of    develop- 
ment of  39-hour  specimens 

S 

No 
cleavage 

cleavage 

No 
larvje 

10 

Hun. 

dredsin 
2  cell 

Nearly 
100%  in 
2-8  cell 

Practi- 
cally no 
larvae 

15 

No 
cleavage 

Some 

2-*  cell 

No 
larvar 

20 

No 
deavi^ 

2-4  cell 

Practi- 
cally no 
larvjE 

30 

50%  in 
2  celt 

_^Very 

OUS4-8 
cell 

Numer- 
larvse 

45 

10%  in 

2  cell 

Numer- 
ous 
4-8  cell 
(less 
than 

3&min. 

spec.) 

A  few 
iarvK 

It  was  noticed  that  while  no  change  could  be  detected  in  the  eggs 
as  long  as  they  were  on  ice,  rapid  division  of  the  nucleus  without 
division  of  cytoplasm  might  take  place  as  soon  as  they  were  warmed. 
In  many  cases  degenerative  changes  were  soon  apparent.  In  other  cases 
there  might  be  little  difference  between  the  cultures  during  cleavage, 
but  great  differences  later  on,  the  injury  caused  by  the  cold  only  man- 
ifesting itself  in  advanced  stages  of  development.  This  is  shown  by 
the  next  experiment,  in  which  some  of  the  eggs  were  kept  in  ice  for 
eighteen  hours;  others  for  thirty-six  hours. 

EXPERIMENT  B. 


Per  cent  of  eggs  in  cleavage 
in  3  houis,  after  13  hours 


Two  I 

thret 
hundred  I 


About 
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In  the  experiments  given,  it  is  noticeable  that  those  eggs  which 
were  placed  on  ice  about  ten  to  twenty  minutes  after  fertilization 
gave  the  smallest  amount  of  cleavage  and  the  fewest  larvEc.  Experi- 
ment C  illustrates  the  same  fact  and  also  that  rate  of  return  to  room 
temperature  affects  the  results.  The  seven  teen-hour  specimen  was 
allowed  to  warm  without  precautions,  while  the  twenty-five-hour 
sample  was  very  slowly  warmed.  The  latter,  in  spite  of  the  longer 
exposure  to  cold,  gave  the  larger  number  of  larvae. 

EXPERIMENT  C. 


No.  of  miniiiea  elapsed  after  fertiUuUon  be- 
fore eggs  were  exposed  to  ice 

Per  cent  of  larva  resulting  from  sample  ex- 
posed to  ice  17  hours 

Per  cent  of  larva  resulting  from  (ample  ex- 

5 
S 
Very 

A  few 

15 
0 

1- 
0 

20 
0 

IS 
0 

40 
100 

100 
A  few 

Per  cent  of  larvae  resulting  from  sample  ex- 

I  performed  no  experiments  with  cold  involving  the  interval  be- 
tween first  and  second  cleavage,  and  therefore  have  no  data  for  a 
rhythm  of  susceptibility  and  resistance  in  eggs  exposed  to  low  tem- 
peratures.   To  my  mind,  however,  such  a  rhythm  is  probable. 

In  general,  it  appears  that  the  egg  is  most  sensitive  to  cold  at  about 
the  same  stage  when  it  is  susceptible  ta  lack  of  oxygen.  But  the  most 
resistant  period  for  cold  is  earlier  than  that  for  lack  of  oxygen,  if  one 
may  judge  from  the  data  at  hand.  It  will  be  noticed,  however,  that 
these  experiments  are  not  accompanied  by  such  careful  numerical 
results  as  those  on  heat.  This  was  unavoidable  at  the  time,  and 
therefore  the  effects  of  cold  will  be  made  a  subject  for  further  study 
later. 

EXPERIMENT  U. 


No.  of  minutes  elapsed  after  fertilization, 
before  eggs  were  exposed  to  low  temper- 

5         10 
IZ         13 
20         13  > 

15 

3-H 

20 
3- 

5* 

33 

14 
141 

SO 
12 

Per  cent  of  plutei  produced  from  eggs 
kept  at  ff- for  26  hours 

Per  cent  of  plutei  produced  from  eggs 
kept  at  ff- lor  42  hours 

*  Large  and  strong. 

*  All  weak  and  small. 
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The  one  experiment  in  which  careful  counts  of  plutei  produced 
from  cooled  eggs  were  made  bears  out,  however,  the  conclusion 
stated  above.  It  also  probably  illustrates  the  effects  of  gradual 
versus  sudden  warming,  although  my  notes  are  not  'sufficiently  full 
on  this  point  (see  Experiment  D). 

Production  of  Carbon  Dioxide. 

That  the  metabolism  of  the  egg  at  different  stages  of  karyokine- 
sis  varies  greatly  is  presumable  from  morphological  studies.  As  a 
measure  of  katabolic  processes  in  protoplasm  the  carbon  dioxide 
production  is  often  taken.  I  attempted  to  do  this  in  the  segmenting 
egg  and  have  published  the  results  in  the  form  of  a  preliminary.^  It 
may  be  stated  here  that  the  apparent  conclusion  was  that  carbon 
dioxide  production  in  the  egg  is  iiol  uniform  throughout  the  whole 
series  of  morphological  changes  of  cell  division,  but  rather  reaches 
a  maximum  at  the  time  when  the  cytoplasm  is  actively  dividing. 
Furthermore,  it  seemed  that  at  the  time  when  oxygen  is  most  neces- 
sary and  presumably  is  being  used  in  largest  amount  (as  indicated 
by  susceptibility  to  lack  of  oxygen  and  to  potassium  cyanide)  carbon 
dioxide  is  produced  in  least  amount.  But  I  have  used  the  words 
"apparent"  and  "seemed"  to  indicate  that  these  statements  may 
need  revision  in  the  light  of  later  and  more  accurate  investigations. 
n  the  conclusion  above  expressed  should  justify  itself,  it  would  indi- 
cate that  oxygen  is  chiefly  used  in  the  egg  for  synthesis  rather  than 
for  combustion,  and  that  the  larger  part  of  the  carbon  dioxide  comes 
from  splitting  processes.  One  would  also  infer  that  the  energy 
for  cell  division  comes  from  fermentative  rather  than  oxidative 
processes. 

Regarding  the  significance  of  these  rhythms,  I  am  even  less  in- 
clined to  speculate  than  on  the  occasion  of  publication  of  my  former 
paper.  I  hope  to  study  them  in  cells  more  favorable  than  the  pig- 
mented egg  of  arbacia  for  seeing  interior  conditions.  I  wish  also 
to  measure  more  accurately  the  carbon  dioxide  production  during 
cleavage  before  discussing  the  theoretical  bearings  of  the  experi- 
ments. I  am  not  making  these  remarks,  however,  with  the  end  in 
view  of  monopolizing  this  interesting  field  of  research.  I  should  be 
glad,  indeed,  to  have  others  undertake  similar  studies  in  the  same  or 
other  forms. 

'  Lyon  :  Science,  n.  s.,  1904,  xix,  p.  350. 
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Summary. 

1.  The  fertilized  egg  of  arbacia,  if  exposed  to  temperatures  of  32° 
to  36°  for  a  few  minutes  and  then  allowed  to  develop  at  room  tem- 
perature, shows  a  marked  difference,  depending  on  the  time  after 
fertilization  that  the  heating  takes  place.  It  is  especially  sensitive 
to  heat  just  before  cleavage.  It  is  most  resistant  ten  to  twenty 
minutes  after  fertilization.  Just  after  the  first  cleavage  it  is  again 
resistant  to  heat,  but  becomes  susceptible  again  just  before  second 
cleavage.  There  is,  therefore,  a  rhythm  of  susceptibility  and 
resistance. 

2.  The  effect  of  exposing  arbacia  eggs  to  low  temperatures  (2°  to 
0°  C.)  for  several  hours  and  then  allowing  development  varies  greatly, 
being  also  dependent  on  the  length  of  time  after  fertilization  that  the 
lowering  of  temperature  takes  place.  The  susceptible  period  for  cold 
is  quite  different  from  that  for  heat,  being,  in  fact,  more  nearly  or 
perhaps  exactly  the  same  as  the  resistant  period  for  heat  (ten  to 
fifteen  minutes  after  fertilization).  This  is  also  the  stage  susceptible 
to  lack  of  oxygen.  The  resistant  period  for  cold  seems  to  come 
some  minutes  before  the  first  cleavage  and  thus  does  not  coincide 
with  the  stage  most  susceptible  to  heat. 

3.  The  production  of  carbon  dioxide  in  the  segmenting  arbacia  egg 
probably  runs  in  rhythms,  the  greatest  amount  being  produced  at 
the  time  of  active  cytoplasmic  division. 
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I.  Introduction. 

TT  is  well  known  that  muscular  work  has  a  marked  influence  on  the 
■'■  action  of  the  heart  and  the  arterial  tension.  Under  certain  con- 
ditions this  influence  is  normal,  healthful,  and  invigorating;  under 
other  conditions,  which  we  have  not  yet  learned  to  distinguish  clearly, 
it  may  result  in  serious  injury,  —  permanent  dilatation,  valvular  in- 
competence, and  even  rupture  of  the  heart  wall  having  been  known 
to  follow  from  violent  exertion.  It  is,  therefore,  of  the  utmost  impor- 
tance to  physical  education  that  extensive  and  careful  studies  should 
be  made  with  a  view  to  discovering  more  fully  how  the  circulatory 
system  is  affected  by  muscular  work  of  different  kinds  and  degrees  of 
intensity  under  various  conditions.  Furthermore,  since  we  do  not 
know  at  what  stage  of  muscular  work  these  various  influences  are 
at  a  maximum,  it  is  not  sufficient  to  note  the  after-effects,  but  the 
changes  in  heart-rate,  blood-pressure,  etc.,  must  be  followed  from 
minute  to  minute  as  long  as  the  influence  of  the  work  continues. 

In  a  previous  research  the  writer  made  such  a  study  of  the  changes 
in  pulse-rate  accompanying  and  following  several  kinds  of  work.* 
Since  forms  of  work  in  which  the  pulse  can  be  recorded  continuously 

'  BowEN :  Contributions  to  medical  research.  University  of  Michigan, 
1903,  p.  462. 
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are  also  favorable  for  the  determination  of  blood-pressure,  this  re- 
search  has  been  extended  with  the  object  of  ascertaining  the  relative 
intensity  of  the  changes  in  pulse-rate  and  blood-pressure  which  occur 
during  moderate  exercises  of  speed,  as  exemplified  by  bicycling.  A 
number  of  the  experiments  were  also  utilized  for  further  study  of 
some  changes  in  duration  of  systole  which  the  writer  had  observed 
in  previous  work.  The  experiments  were  made  in  the  Physiological 
Laboratory  of  the  University  of  Michigan  between  January  i  and 
August  15,  1903.  A  study  of  the  changes  in  quantity  of  respired  air 
and  in  the  output  of  carbon  dioxide  during  work,  made  in  company 
with  Mr.  G.  O.  Higley  of  the  Department  of  Chemistry,  will  be  pub- 
lished soon. 

II.   Previous  Work. 

In  the  decade  between  1890  and  1900  there  were  several  extensive 
studies  of  the  after-effects  of  muscular  work  upon  the  pulse,^  but 
studies  of  the  heart-rate  during  the  progress  of  muscular  work  date 
from  1900.  During  that  year  there  were  three  researches  upon  the 
subject:  one  in  Vienna  by  Griinhaum  and  Amson;'  one  in  Dorpat, 
Russia,  by  Dehio ;  *  and  one  in  Ann  Arbor  by  the  present  writer. 
Griinbaum  and  Amson  counted  the  subject's  pulse  with  the  aid  of  a 
stop-watch  during  work  on  several  gymnastic  machines  and  a  bicycle; 
Dehio  counted  the  pulse  while  the  subject,  lying  horizontally  on  his 
back,  lifted  a  weight  attached  to  the  foot ;  in  my  work,  a  graphic 
record  of  the  pulse  was  taken  during  work  upon  a  bicycle  and  a  foot- 
power  lathe,  and  also  while  tapping  a  Morse  key. 

Griinbaum  and  Amson  looked  for  the  general  course  of  the 
changes  in  pulse-rate  during  and  after  the  work,  and  tried  to  corre- 
late the  extent  of  these  changes  with  the  amount  of  external  work 
done.  Dehio  studied  the  difference  in  the  effects  of  work  upon  per- 
sons of  different  ages,  and  found  a  greater  acceteration  of  the  pulse 
in  the  younger  subjects.  I  studied  the  same  points  covered  by  Griin- 
baum and  Amson,  and  also  gave  special  attention  to  the  latent  period. 

The  study  of  blood-pressure  during  work  was  made  iirst  upon  the 
horse:  originally  by  Marey,*  and  afterward  by  Kaufmann,"  and  by 

*  See  my  former  article  for  bibliography  of  this  work. 

*  GrUnbaum  and  Amsok:  Deutscbes  Archiv  fur  klinische  Medicin,  1901, 
Ixxi,  p.  S39- 

'  Dehio  :  St.  Petersburger  medicinische  Wochenschrift,  1901,  p.  79. 

*  Marey:  Physiologie  mMicale  du  *ang,  Paris,  1S63. 

*  Kaufhann  :  Archives  de  physiologie,  18921  p.  279. 
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Zuntz  and  Hagermann.^  These  writers  agree  that  in  the  horse  the 
arterial  pressure  falls  as  soon  as  the  animal  begins  to  walk  or  trot. 
Tangl  and  Zuntz*  found  that  in  case  of  the  dog  a  rise  of  pressure 
occurs  when  work  begins. 

The  after-effect  of  muscular  work  upon  blood-pressure  in  man,  has 
been  studied  by  a  great  many  observers,  among  whom  may  be  men- 
tioned Hill,'  Edgecumbe  and  Bain,*  Maximowitch  and  Rieder,'  Korn- 
feld,"  and  McCurdy.  All  of  these  writers  report  an  increased  arterial 
pressure  immediately  after  the  cessation  of  work  with  a  return  to 
normal  after  a  variable  time  depending  upon  the  severity  and  the  dura- 
tion of  the  work. 

McCurdy^  was  the  first  to  call  attention  to  the  necessity  of  deter- 
mining the  pressure  during  the  progress  of  the  work,  and  he  studied 
the  pressure  in  man  during  maximal  effort  in  lifting.  Masing'  has 
studied  the  changes  in  blood-pressure  while  the  subject  worked  upon 
the  apparatus  used  by  Dehio  in  studying  pulse-rate.  Masing  found 
that  although  work  of  the  type  used  causes  a  faster  pulse-rate  in  the 
young,  it  causes  a  higher  blood-pressure  in  older  persons.  Montz' 
made  a  similar  study,  comparing  the  effects  of  work  in  sound  men 
and  men  suffering  from  heart  diseases. 

The  duration  of  systole  has  been  studied  by  Thurston,'"  Edgren,'^ 
Hijrthle,'*  Chapman,"  and  others,  using  graphic  records  of  the  pulse 
as  the  basis  of  the  determinations.  Muscular  work  was  sometimes 
used  by  these  writers  as  a  means  of  increasing  the  pulse-rate,  but 
none  of  them  determined  the  duration  of  systole  during  the  work. 
Chapman  assumed  that  the  duration  of  systole  always  bears  a  certain 
numerical  relation  to  the  duration  of  the  entire  cycle,  and  constructed 
a  table  based  upon  this  assumption,  showing  the  length  of  systole  for 

■  Zuntz  and  Hagermank:   StoSwechsel  des  Pferdea,  Berlin,  1898,  p.  381. 
'  Tangl  and  Zuntz  ;  Archiv  fiir  die  gesammte  Physiologic,  1898,  Ux,  p,  544. 

*  Hill:  Schafer's  text-book  of  physiology,  1900,  ii,  p.  80. 

*  Edgecombe  and  Bain  ;  Journal  ot  physiology,  1899,  xxiv,  p.  48. 

'  Maximowitch  and  Rieder:  Deutsches  Archiv  fiir  klinische  Medicin,  1890, 
xlvi,  p.  329. 

*  Kornfeld:  Wiener  medicinische  Blatter,  1899,  p.  631. 
'  McCuRDv;  This  journal,  i9oi,v,  p.  9;. 

*  Masing;  Deutsches  Archiv  fiir  klinische  Medicin,  1903.  Ixxiv,  p.  253. 

*  MoRiTZ  :  Deutsches  Archiv  fiir  klinische  Medicin,  1903,  Ixxvii,  p.  339. 
'■>  Thurston  :  Journal  of  anatomy  and  physiology,  1876,  x,  p.  494- 

''  Edgren  :  Skandinavisches  Archiv  fur  Physiologie,  1889,  i,  p.  67. 
"  HCrthle:  Archiv  ftir  die  gesammte  Physiologie,  1891,  xlix,  p.  66. 
*■  Cbapuan:  British  medical  journal,  1894,  i,  p.  511. 
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all  pulse-rates  from  45  to  200.  According  to  this  table,  tbe  diastolic 
part  of  the  cycle  shortens  faster  than  the  systolic,  as  the  pulse-rate 
quickens,  but  the  systole  is  always  the  shorter,  even  with  the  highest 
pulse-rates.  This  is  contradicted  by  results  obtained  previously  by 
Thurston,  and  later  by  Zuntz  and  Schumburg,^  both  finding  a  time 
when  diastole  becomes  shorter  than  systole.  In  my  experiments  the 
diastole  is  uniformly  shorter  than  systole  during  work  when  tbe  pulse* 
rate  exceeds  135  per  minute  (see  Fig.  4). 

III.  Methods. 
In  order  to  study  the  effects  of  bicycling  in  the  laboratory,  a  bi- 
cycle frame  from  which  the  wheels  have  been  removed  is  fastened 
firmly  in  its  usual  position,  and  the  rear  sprocket  is  mounted  |on  a 
shaft  carrying  a  heavy  fly-wheel.  The  fly-wheel  used  in  this  instance 
weighs  one  hundred  fifty  pounds  and  is  geared  to  run  slightly  faster 
than  the  crank  shaft.  The  momentum  of  the  fly-wheel  carries  the 
pedals  past  the  dead  point,  so  that  the  work  done  upon  the  machine 
is  like  riding  a  wheel  on  a  smooth  road.  A  strip  of  leather  belting 
drawn  against  the  polished  rim  of  the  fly-wheel  provides  a  variable 
resistance,  the  tension  of  the  belting  being  changed  at  will  by  chang- 
ing the  amount  of  weight  suspended  from  its  free  end.  The  amount 
of  resistance  is  greatest  at  the  moment  of  starting,  but  during  con- 
tinuous movement  this  method  of  applying  friction  gives  a  resistance 
that  is  practically  uniform.  The  resistance  at  the  pedals  which  corre- 
sponds to  any  given  tension  of  the  belting  can  be  determined  approx- 
imately by  means  of  a  light  lever  and  a  spring  balance.  The  lever  is 
fastened  to  one  crank,  and  the  balance  fastened  to  the  lever  at  some 
distance  from  the  axis  which  bears  a  simple  relation  to  the  length  of 
the  crank.  The  crank  is  now  turned  by  pulling  upon  the  balance  at 
right  angles  to  the  lever,  and  the  balance  is  read  while  the  mox'ement 
is  being  made.  From  the  figures  thus  obtained  the  resistance  at  the 
pedals  is  readily  computed. 

The  pulse  is  recorded  from  the  carotid  artery  by  means  of  two 
tambours  connected  by  a  rubber  tube  of  four  millimetres  bore.  The 
receiving  tambour,  made  from  a  tin  box-cover,  is  five  centimetres 
broad,  and  is  without  the  usual  membrane.  The  open  side  of  the 
tambour  is  placed  against  the  skin  of  the  neck  over  the  artery  and 
held  in  place  by  a  U-shaped  wire  spring,  one  end  of  which  is  attached 

>  ZuKTZ  and  Schumburo  :  Physiologic  dei  Marscbcs,  Berlin,  1901. 
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to  the  tambour  by  a  ball  and  socket  joint,  and  the  other  end  inserted 
into  a  rounded  block  which  rests  against  the  opposite  side  of  the 
neck.  The  receiving  tambour  is  fifteen  millimetres  in  diameter,  and 
has  a  light  rubber  membrane  which  transmits  its  movements  to  the 
recording  surface  by  a  light  celluloid  lever. 

The  recording  surface  consists  of  a  strip  of  smoked  paper  12.5  cen- 
timetres wide,  and  from  four  to  five  metres  long,  made  into  a  loop 
which  passes  around  two  drums,  one  of  which  is  actuated  by  clock- 
work. Above  the  pulse-curve  a  pneumograph  records  the  respiratory 
movements.  Below  are  the  records  made  by  three  electromagnetic 
signals:  one  of  these,  connected  with  a  fork  or  pendulum,  records 
the  time;  another,  the  revolutions  of  the  bicycle  crank;  the  third,  in 
drcuit  with  a  hand-key,  is  used  to  indicate  when  determinations  of 
blood-pressure  are  made.  Fig.  I  shows  the  general  character  of  the 
records. 
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FlCDKl  1.  —  Poitioa  of  record  taken  with  ilow  dnimi.  Jt,  reipiratian ;  P,  puUc)  T, 
itme  in  lecondi;  B,  rerolationi  of  bicycle.  BP,  timea  at  which  determinationi  of 
blood-preuure  were  made.  The  figures  written  at  theie  points  give  the  ptesiure  in 
millimetrei  of  mercury.  S,  timet  at  which  simultaneoua  recordi  were  talien  on  quidi 
drum  for  determination  of  syttale.  Tlie  part  here  ihown  it  at  the  cloae  of »,  period  of 
work,  ai  indicated  by  record  B.     Read  from  left  to  right. 

The  duration  of  systole  is  determined  by  recording  the  pulse  along 
with  a  fork  giving  fifty  vibrations  per  second.  When  this  is  the  only 
record  desired,  the  outfit  just  described  is  used.  To  determine  these 
small  time-intervals  accurately  the  drums  carrying  the  loop  of  paper 
must  turn  rapidly,  the  entire  loop  passing  the  writing  paints  in  from 
one  to  two  minutes.  When  it  is  desired  to  study  the  duration  of  sys- 
tole along  with  pulse-rate,  blood-pressure,  etc.,  during  experiments  of 
longer  duration,  the  drums  carrying  the  long  loop  of  paper  are  turned 
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slowly,  the  time  being  recorded  in  seconds,  and  simultaneous  records, 
suitable  for  determination  of  systole,  are  taken  on  a  neighboring 
drum  at  any  desired  intervals.  A  T-tube  is  inserted  into  the  rubber 
tubing  connecting  the  two  tambours,  and  a  second  piece  of  tubing 
leads  off  from  the  side  branch  to  a  second  recording  tambour  which 
writes  a  duplicate  pulse-curve  for  the  systole  determination. 

The  blood-pressure  is  determined  by  means  of  the  Erlanger  sphyg- 
momanometer,' with  light  rubber  tubing  of  one  and  five-eighths  inch 
diameter  for  the  inner  armlet,  and  a  slightly  wider  strip  of  sheet  brass 
for  the  outer  one.  A  wider  armlet  gives  more  accurate  readings  of 
the  absolute  pressure,  as  was  first  shown  by  von  Recklinghuysen,'  but 
one  of  the  width  used  gives  relative  pressures  with  sufficient  accuracy 
and  is  more  convenient.  Comparison  of  readings  given  with  this 
armlet  and  a  wider  one  shows  that  the  former  gives  results  from  five 
to  fifteen  millimetres  too  high.  The  pressure  determined  was  the  sys* 
tolic  or  maximal  pressure,  as  indicated  by  obliteration  of  the  radial 
pulse. 

To  aid  the  subject  in  avoiding  movements  of  the  neck  and  arm 
while  at  work,  since  these  would  interfere  with  the  records  to  be 
made,  his  forehead  and  shoulders  are  provided  with  padded  supports, 
and  his  left  arm,  upon  which  pressure  determinations  were  made,  lies 
in  a  trough-shaped  support ;  the  pedals  are  provided  with  toe-clips 
for  the  same  reason. 

IV.  Experiments. 
The  work  done  in  this  series  of  experiments  consisted  in  driving 
the  stationary  bicycle  at  a  constant  speed  against  a  constant  resis- 
tance. The  speed  and  resistance  chosen  were  sufficient  to  cause  a 
marked  but  not  excessive  stimulation  of  the  circulation,  and  to  raise 
the  temperature  of  the  body  from  one  to  two  degrees :  in  other  words, 
the  work  done  was  just  vigorous  enough  to  satisfy  the  needs  of  a 
healthy  man  who  is  not  in  training  for  athletics.  The  speed  used  in 
most  cases  was  one  revolution  per  second;  the  resistance,  13.3 
kilogram ;  the  amount  of  work  done  was  approximately  400  kilogram- 
metres  per  minute.  Note  was  made  of  the  room-temperature  and 
barometer  in  each  experiment,  and  the  temperature  of  the  body  was 
read  at  frequent  intervals  throughout  most  of  the  experiments. 

■  Erlanger:  This  journal,  1901-z,  vi,  p.  jwii. 

*  Von  RECKLiNGHttyssN :  Archiv  fiir  experimcDtelle  Pathologic,  1901,  zlvi, 
p.  78. 
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The  pulse-rate  and  blood-pressure  were  taken  before,  during,  and 
after  thirty  different  working  periods  on  the  bicycle.  These  working 
periods  were  of  various  lengths,  the  longest  being  fifty  minutes,  and 
the  shortest  three  minutes.  In  eighteen  of  the  working  periods  the 
duration  of  systole  was  determined  at  intervals  of  one  minute  or  less, 
in  addition  to  the  other  items. 

Three  men  served  as  subjects:  H.,  a  chemist,  age  forty-five;  B„  a 
teacher,  age  forty;  and  L.,  a  physician,  age  twenty-five.  All  these 
men  were  in  good  health  at  the  time,  but  none  was  in  "training." 
B.  and  L.  had  been  accustomed  to  athletic  work  in  previous  years. 
Successful  records  were  obtained  from  H.  during  thirteen  working 
periods;  from  B.  during  eleven,  and  from  L.  during  six  periods. 


FraURI  2.  —  Plotted  carve*  showing  relative  changes  in  pub«-nte  and  blood-preMnre 
during  IhirtT-two  minutes  of  work  and  the  thirty  minutes  of  rest  followfng.  P 
(broken  line),  pulse^ate ;  B  P  <soiid  line),  blood-pressun.  Arrows  indicate  the  time 
of  beginning  and  slopping  the  work.  Experiment  made  July  8.  1903.  Subject. 
H;   speed,  one  revolution  of  cranks  per  second  ;   work,  400  kilogram-metres  per 


The  blood-pressure  readings  were  written  on  the  smoked  paper,  in 
the  proper  place,  as  fast  as  they  were  taken  (see  Fig.  i).  After 
completing  the  experiment  and  fixing  the  curves,  the  pulse-rate  was 
counted  for  each  interval  of  ten  seconds,  and  also  written  on  the 
paper.    Both  sets  of  figures  were  then  plotted  as  in  Fig,  2,  —  time 
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being  the  abscissa  in  each  case,  and  number  of  beats  per  minute  and 
blood-pressure  in  millimetres  of  mercury  being  the  ordinates.  The 
readings  of  body-temperature  were  also  written  on  the  smoked  paper 
as  they  were  taken,  and  afterwards  plotted  along  with  the  other  items, 
but  as  we  are  not  fully  satisfied  with  the  methods  tried,  this  part  of 
the  investigation  will  be  left  until  a  later  paper. 

V.  The  Changes  in  Pulse-Rate, 
With  regard  to  the  changes  in  pulse-rate,  these  experiments  cor- 
roborate the  results  of  my  previous  study  in  every  particular.  We 
have  in  every  instance  a  sudden  and  rapid  primary  rise  of  pulse-rate 
when  the  subject  begins  to  work,  and  unless  the  work  is  very  light, 
this  is  followed  by  a  more  gradual  secondary  rise,  which  is  frequently 
but  not  always  separated  from  the  former  by  a  plateau,  or  period  of 
uniform  rate.  In  the  case  plotted  in  Fig.  2,  the  plateau  is  not  present. 
The  secondary  rise  usually  continues  until  work  ceases ;  then  we  have 
a  sudden  and  rapid  primary  fall  of  pulse-rate,  followed  by  a  slower 
secondary  fall,  the  two  being  frequently  separated  by  a  plateau. 

VI.  The  Changes  in  Blood-Pressure. 

The  curve  representing  the.  changes  in  blood-pressure  resembles 
the  corresponding  curve  of  pulse-rate  in  having  a  rapid  rise  when 
work  begins,  and  a  rapid  fall  when  it  stops,  but  the  two  curves  differ 
in  several  important  particulars,  as  can  be  seen  in  Fig.  2. 

(i)  The  rise  of  blood-pressure  when  work  begins  follows  after  the 
primary  rise  of  pulse-rate,  the  latter  usually  being  complete  in  from 
one  to  two  minutes,  while  the  former  continues  for  four  minutes  or 
more. 

(2)  Instead  of  rising  continuously  during  the  working  period,  like 
the  pulse-rate,  the  blood-pressure  reaches  a  maximum  after  a  few 
minutes,  and  then  declines  slowly,  with  some  oscillations,  during  the 
remainder  of  the  work.  This  significant  difference  in  the  two  curves 
is  of  course  to  be  seen  only  when  the  work  is  continued  for  fifteen 
minutes  or  more.  The  greatest  decline  observed  during  a  working 
period  was  thirty-five  millimetres  of  mercury;  in  a  few  instances  it 
was  so  slight  as  to  be  scarcely  noticed. 

(3)  The  fall  of  blood-pressure  when  work  ceases  is  more  rapid 
than  the  rise  when  work  begins,  but  not  so  rapid  as  the  primary  fall 
of  pulse-rate  which  it  accompanies.    The  rapid  fall  of  pressure,  how- 
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ever,  conttDues  to  a  normal  or  subnormal  figure  without  interruption, 
while  the  primary  fall  of  pulse-rate  soon  merges  into  a  plateau  or  a 
slower  secondary  fall  at  some  distance  above  normal.  When  the 
pressure  becomes  subnormal  at  this  time  it  soon  begins  to  rise  again 
slowly,  although  the  pulse-rate  is  falling. 

VII.  The  Duration  of  Systole. 

In  a  former  paper  I  called  attention  to  the  fact  that  the  quickening 

of  the  pulse  when  work  begins  is  accompanied  by  a  lengthening  of 

systole,  —  the  quickening  being  entirely  due  to  a  shortening  of  the 

tyolola       Pulse  Rale 


Figure  3-  —  Changes  in  pulse-rate,  blood-pressure  and  duration  of  aystole  during  three 
working  periods  of  five  to  seven  minutes,  with  four  to  six  minutes'  rest  between. 
Uppermoit  curve,  dura.tian  of  systole  j  middle  curve  (broken  line),  pulse-rate;  lowest 
curve,  blood-pressure.  Arrows  indicate  times  of  beginning  and  stopping.  Time  in 
minutes.     Experiment  made  July  25. 1903.     Subject  and  work  same  as  in  Fig.  2. 

interval  between  the  beats.'  In  the  present  research  the  duration  of 
systole  was  determined  at  intervals  of  one  minute  or  less  during 
eighteen  working  periods  of  three  to  five  minutes,  and  was  also  de- 
termined continuously  during  eight  working  periods  of  about  one 
minute  each,  and  during  four  experiments  in  which  several  short 
periods  of  work  were  alternated  with  short  periods  of  rest.    The  re- 

>  BowBN  :  Loc.  cit.,  p-  488. 
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suits  clearly  verify  the  former  conclusion,  although  the  lengthening  of 
systole  when  work  begins  is  not  equally  great  in  all  subjects. 

The  lowest  curve  in  Fig.  3  indicates  the  changes  in  length  of  sys- 
tole during  three  working  periods  of  several  minutes  each  with  about 
four  minutes  of  rest  between.  In  general  the  systole  is  seen  to 
shorten  during  work  and  lengthen  during  the  intervals  of  rest, — in 
full  agreement  with  the  results  obtained  by  others.  There  is,  how- 
ever, a  sudden  lengthening  immediately  after  work  begins,  and  a 
sudden  and  still  greater  shortening  immediately  after  work  stops, 
in  each  instance.  The  curve  also  shows  that  the  sudden  lengthening 
of  systole  is  at  a  time  when  the  blood-pressure  is  beginning  to  rise, 
and  the  sudden  shortening  is  just  as  the  pressure  is  beginning  its 
rapid  fall. 

The  heavy  line  in  Fig.  4  indicates  the  changes  in  length  of  systole 
for  the  successive  pulse-beats  through  a  working  period  of  about  fifty 
seconds.  The  systole  lengthens  slightly  but  plainly  when  work  begins, 
remains  longer  than  normal  for  about  twenty-five  beats,  then  oscillates 
about  the  normal  until  work  ceases,  when  it  instantly  shortens.  The 
diastole  is  shorter  than  the  systole  during  the  latter  half  of  the 
•.  working  period. 

VIII.  Discussion  of  Results. 
Palse-T«te.  —  As  I  have  discussed  the  causes  of  the  changes  in 
pulse-rate  at   considerable  length  in  another  place,'  I  will  not  re- 
peat the  discussion  here,  but  merely  summarize  the  conclusions  as 
follows : 

1 .  The  first  and  most  rapid  rise  of  pulse-rate  when  work  begins  is 
due  to  an  inhibition  of  the  normal  restraining  action  of  the  inhibitory 
centre  by  nervous  impulses  arising  in  the  motor  centres  of  the  cere- 
bral cortex  and  in  the  sensory  nerve-endings  of  the  contracting 
muscles. 

2.  The  continuation  of  the  rise  is  probably  due  to  nervous  impulses 
of  like  origin  acting  upon  the  accelerator  centre;  to  heat  and  waste 
products  developed  in  the  heart;  to  heat  and  waste  products  de- 
veloped in  the  working  muscles;  and  to  increased  blood-supply  to 
the  tissues  of  the  heart  through  the  coronary  arteries.  The  latter 
may  come  about  through  dilation  of  these  vessels,  or  because  of  in- 
creased pressure  in  the  aorta. 

3.  The  plateau  frequently  observed  is  due  to  a  continuation  of  the 

'  Bowek:  Luc.  cit-,  p.  475- 
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causes  producing  the  primary  rise,  the  forces  involved  having  reached 
an  adjustment  or  equilibrium. 

4.  The  secondary  rise  is  due  to  some  of  the  above  causes  not  be- 
coming  effective  before,  or  to  changed  conditions  in  the  body  that 
render  the  causes  of  the  primary  rise  gradually  more  effective. 

S-  The  rapidity  of  the  pulse  during  work  is  much  more  dependent 
upon  the  rapidity  of  the  muscular  movements  than  upon  the  amount 
of  resistance  that  is  overcome. 

Biood-pr«MnT«.  —  When  one  begins  to  drive  the  bicycle  there  are 
immediately  brought  into  play  three  causes  tending  to  raise  the 
blood-pressure:  (l)  increased  pulse-rate,  as  illustrated  by  the  curve 
of  Fig.  2;  (2)  contraction  of  the  abdominal  muscles,  which  is  shown 
by  a  change  in  the  respiratory  curves,  as  well  as  by  the  fact  that 
there  is  conscious  effort  on  the  part  of  the  subject;  and  (3)  alter- 
nate contraction  and  relaxation  of  the  large  muscle  groups  of  the 
lower  limbs,  —  the  latter  two  causes  hastening  the  return  of  the 
venous  blood  and  thus  increasing  the  pulse-volume. 

During  the  progress  of  the  work  at  least  two  influences  come  into 
play  which  tend  to  lower  the  blood-pressure:  (i)  dilation  of  vessels 
in  the  working  muscles,  which  has  been  demonstrated  by  Chauveau 
and  Kaufmann,'  Athanasiu  and  Carvallo,^  and  others;  and  (2)  dila- 
tion of  vessels  in  the  skin  by  the  agency  of  the  nervous  mechanism 
regulating  body-temperature.' 

Of  these  two  opposing  groups  of  forces,  those  tending  to  raise  the 
pressure  become  effective  first  and  most  abruptly ;  as  a  consequence, 
the  first  effect  of  the  work  upon  blood-pressure  is  a  rapid  rise.  But 
the  forces  of  the  second  group  keep  on  increasing,  —  especially  the 
dilation  of  skin  vessels,  which  probably  does  not  reach  its  maximum 
until  profuse  sweating  occurs,  from  five  to  ten  minutes  after  starting. 
Hence  the  rapidity  of  the  rise  of  pressure  is  soon  checked,  then 
balanced ;  finally,  when  the  second  group  of  influences  becomes  the 
greater,  the  pressure  begins  to  fall. 

Two  other  possible  causes  of  diminished  blood-pressure  during 
work  should  be  considered:  (i)  general  dilation  of  vessels  through 
the  agency  of  the  depressor  nerve,  and  (2)  diminution  of  the  quantity, 
of  venous  blood  because  of  sweating.  As  to  the  depressor  nerve,  we 
have  no  direct  physiological  evidence  of  the  existence  of  this  nerve 

■  Chauveau  2Dd  Kaufuann:  See  Kaufman:  Loe.  cit- 

*  Athakasiu  and  Carvallo  :  Archives  de  physiologic,  1898,  p.  351. 

■  SCHAPER ;  Text-boolc  of  physiology,  1900,  i,  p.  854 


ibyGooglc 


70  Wilbur  P.  Bowen. 

in  man;  yet  its  importance  in  the  dog,  cat,  rabbit,  and  other  mam- 
mals, in  the  absence  of  any  negative  evidence  in  case  of  man,  points 
to  the  strong  probability  that  the  nerve  exists  in  man,  and  that  it  acts 
during  vigorous  work  to  aid  in  lowering  the  blood-pressure,  and  thus 
protects  the  heart  from  overwork.  The  blood  must  lose  in  volume 
as  a  result  of  sweating,  but  this  is  gradual,  and  may  be  compensated 
by  constriction  of  splanchnic  vessels,  as  indicated  by  recent  experi- 
ments of  Hill.^  Such  compensation,  however,  may  not  occur  during 
work,  when  the  splanchnic  area  is  under  pressure  and  the  systemic 
vessels  strongly  dilated. 

The  variation  in  the  extent  of  fall  in  pressure  during  work  in  the 
different  experiments  was  associated  with  variation  in  room-tempera- 
ture, —  the  fall  of  pressure  being  most  marked  on  the  warmer  days. 
This  variation  in  the  amount  of  fall  is  therefore  to  be  attributed  to 
variation  ip  the  amount  of  dilation  of  skin-vessels.  The  same  varia- 
tion was  observed  by  Masing,  who  reports  a  fall  of  pressure  during 
work  when  profuse  sweating  is  present,  —  not  otherwise.'  This 
result  points  clearly  to  the  advantage  of  "  warming  up  "  before  at- 
tempting to  do  one's  best,  as  the  lowered  peripheral  resistance  lessens 
the  strain  on  the  heart.  The  advantage  of  warm  weather  for  athletic 
competitions  is  indicated  for  the  same  reason.  .    , 

The  more  gradual  rise  of  blood-pressura  in  these^^](penments,  as 
compared  with  McCurdy's,  can  be  explained  by  the  different  char- 
acter of  the  work.  It  should  be  borne  in  mind  that  this  research  is 
a  study  of  the  effects  of  moderate  work,  such  as  can  be  done  with 
safety  by  the  average  man;  while  in  McCurdy's,  maximal  effort  was 
investigated.  In  the  lifting,  a  greater  compression  of  the  splanchnic 
area  results  in  greater  pulse-volume ;  in  the  bicycling,  the  more  rapid 
movements  produce  a  more  rapid  pulse-rate;  both  tend  to  raise  the 
pressure.  The  difference  in  the  result  arises  from  the  difference  in 
the  effect  of  the  two  kinds  of  work  on  the  peripheral  resistance.  In 
the  lifting,  the  violent  and  sustained  contraction  of  the  muscles 
nearly  obliterates  the  lumen  of  the  vessels,  increasing  the  peripheral 
resistance  enormously;  in  the  bicycling,  the  alternate  contraction 
and  relaxation  of  the  muscles  lessens  the  peripheral  resistance  be- 
cause of  the  pumping  action  of  the  movements  on  the  veins.  In 
lifting,  the  increased  pulse-volume  drives  the  blood-pressure  to  a 
great  height  quickly,  because  the  blood  already  in  the  arteries  is  pre- 

*  Hill:  Journal  of  physiology,  1903,  jtxviii,  p.  132. 

*  Masing  :  Loc.  eit. 
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vented  from  escaping ;  in  bicycling,  the  faster  pulse-rate  can  force 
the  pressure  up  but  slowly,  because  of  the  comparatively  open  outlet 
through  the  capillaries  and  veins.  It  seems  to  me  unnecessary  to 
conclude,  with  Moritz,'  that  there  is  a  direct  psychic  cause  of  the 
rise  in  pressure  in  such  cases. 

On  cessation  of  work,  the  forces  causing  the  rise  of  pressure  stop 
as  suddenly  as  they  began  at  the  start,  while  there  is  delay  in  the 
subsidence  of  those  forces  which  tend  to  cause  the  blood-pressure  to 
fall.  The  peripheral  resistance  being  less  than  at  the  start,  the  pres- 
sure falls  more  rapidly  than  it  rose.  Profuse  sweating  and  the  as- 
sociated dilation  of  skin  vessels  continues  until  the  body  temperature, 
somewhat  elevated  by  the  work,  begins  to  subside,  — frequently  eight 
or  ten  minutes  after  stopping.  Meanwhile  the  pressure  has  fallen  be- 
low the  normal  level,  and  now  slowly  rises  as  the  vessels  constrict. 


PlcuRK  4. — Duration  of  systole  and  of  diaslole  during  a  working  period  of  fiFty  seconds. 
Heavy  line,  duration  of  systole  ;  light  line,  duration  of  diastole.  Ordinate*  indi- 
cate duration  in  lOOths  of  a  second ;  eacli  unit  of  abscissa  represents  one  pulse 
beat ;  arrows  indicate  time  of  beginning  and  stopping.  Experiment  made  April  17, 
1903.     Subject,  B. ;  work,  about  750  kilogram-metres  per  minute. 

Tbe  dunUon  of  ayatoia. —  In  accordance  with  the  results  obtained 
by  Edgren,  Chapman,  and  others,  we  are  taught  that  the  systole 
always  shortens  as  the  cycle  shortens,  and  always  lengthens  as 
the  cycle  lengthens.'  When,  therefore,  my  records  indicated  a 
lengthened  systole  at  the  beginning  of  work,  while  the  cycle  was 

'  Moritz  :  Loc.  cil. 

'  Curtis  :  Americsn  text'book  of.  physiology,  1897,  i,  p.  124. 
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rapidly  shortening,  I  was  inclined  to  consider  the  result  apparent 
rather  than  real,  and  tried  to  account  for  the  unexpected  result  in  the 
following  ways : 

1.  As  an  error  of  observation  in  reading  the  records. 

2.  As  a  failure  of  the  tambour  to  record  the  pulse-waves  correctly, 
because  of  its  having  a  vibration  period  of  its  own. 

3.  As  a  failure  to  record  the  pulse  correctly  because  of  changes 
of  air-pressure  within  the  tambour  system,  due  to  contraction  of 
muscles  of  the  neck. 

4.  As  a  possible  effect  of  changes  in  blood-pressure  upon  the  times 
of  opening  and  closing  of  the  aortic  valves,  and  consequent  change 
in  the  apparent  length  of  systole. 

After  many  careful  tests  of  the  apparatus,  and  after  observing  the 
same  results  in  nearly  one  hundred  experiments  on  about  thirty 
different  subjects,  using  tambours  of  different  sizes,  levers  of  various 
lengths,  and  membranes  of  different  thickness,  it  has  not  been 
possible  to  find  any  reason  to  suspect  the  apparatus  or  the  methods 
of  reading  the  curves. 

With  regard  to  the  effect  of  changes  in  blood-pressure  on  the  ap- 
parent  length  of  systole,  as  indicated  by  the  positions  of  the  primary 
upstroke  and  the  dicrotic  notch,  it  is  clear  that  increased  pressure  in 
the  aorta  would  tend  to  delay  the  opening  of  the  valve  and  hasten  its 
closure,  thus  rendering  our  measure  of  the  duration  of  systole  from 
the  pulse-curve  too  short ;  similarly,  a  fall  of  pressure  in  the  aorta, 
such  as  takes  place  when  work  stops,  would  hasten  the  opening  of 
the  valve  and  delay  its  closure,  and  so  render  the  measure  too  long. 
In  other' words,  at  the  time  when  we  observe  a  lengthened  systole, 
the  change  in  blood-pressure,  by  its  influence  on  the  time  of  opening 
and  closing  of  the  semilunar  valves,  tends  to  make  the  systole  appear 
shorter  than  it  really  is ;  and  when  the  shortened  systole  is  observed, 
the  blood-pressure  is  acting  to  make  it  appear  longer  than  it  really 
is.  The  effect  of  these  changes  in  blood-pressure  is  thus  seen  to 
minimize  the  real  change  in  duration  of  systole  rather  than  to  account 
for  it 

It  should  also  be  taken  into  account  that  determination  of  duration 
of  systole  during  muscular  Work  was  not  attempted  by  former  writers, 
and  therefore  a  change  of  systole  and  cycle  in  opposite  directions  is 
not  a  contradiction  of  former  results,  but  an  observation  in  a  new 
field. 

Taking  all  into  consideration,  it  seems  reasonable  to  conclude  that 
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the  changes  in  question  are  real  rather  than  apparent,  and  the  fol- 
lowing explanation  is  offered  to  account  for  them : 

Soon  after  work  begins  we  have  an  increased  blood-pressure  and 
an  increased  pulse-volume.  The  heart,  being  obliged  to  pump  an 
increased  volume  of  blood  against  an  increased  resistance  before  it 
has  been  stimulated  to  stronger  action  by  the  accelerator  nerves  or 
by  increased  blood-supply  to  its  tissues,  is  not  able  to  empty  itself  as 
quickly  as  before.  When  work  ends,  the  pressure  falls,  and  the  heart, 
having  been  stimulated  to  vigorous  action,  is  able  to  empty  itself 
more  quickly  than  before.  A  simple  pumping  engine  slows  when  it 
meets  increased  resistance,  and  quickens  when  the  resistance  is 
lowered.  The  heart,  being  primarily  a  simple  pumping  engine,  be- 
haves in  the  same  way  when  it  suddenly  meets  a  change  in  resist- 
ance, until  its  complex  regulating  mechanism  can  adjust  itself  to  the 
new  conditions  and  again  assume  control. 


IX.  Pkactical  Bearing  of  Results. 

The  practical  value  of  the  results  of  studies  in  this  field  depends 
upon  their  bearing  upon  the  intensely  practical  problem  of  heart- 
stratn.  As  Roy  and  Adami  have  said,  "  Athletic  training  is  mainly 
a  matter  of  heart  training." '  We  can  never  lay  down  proper  rules 
for  the  guidance  of  such  training  until  we  can  determine  the  changes 
in  heart -strain  through  a  period  of  vigorous  work  and  the  period  of 
recovery  from  it,  since  it  is  through  heart-strain  that  the  work  most 
frequently  results  in  injury. 

What  do  we  mean  by  the  heart-strain  T  The  blood,  like  all  fluids, 
transmits  pressure  equally  in  all  directions.  During  the  portion  of 
the  cycle  when  the  blood-pressure  is  at  its  maximum,  the  arteries 
and  ventricle  are  in  open  communication.  It  follows  that  the  pres- 
sure read  upon  the  sphygmomanometer  is  not  only  the  pressure  in 
the  arteries,  but  also  the  pressure  exerted  by  the  blood  upon  each 
unit  of  the  inner  surface  of  the  ventricle.  The  total  amount  of  pres- 
sure thus  exerted  on  the  inner  surface  of  the  cavity  constitutes  the 
heart-strain,  and  is  numerically  equal  to  the  product  of  the  blood- 
pressure  by  the  area  of  the  inner  surface  of  the  ventricle.  The  heart- 
strain  varies,  therefore,  directly  with  the  blood-pressure  and  with  the 
amount  of  dilation  of  the  cavity.     When  from  any  cause  the  strain 

<  Rov  and  AOAut :  Phtlo*ophica]  transactioDs  of  the  Royal  Society,  1892,  B, 
p.  379- 
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becomes  greater  than  the  heart  is  able  to  withstand,  the  result  is 
either,  ( i )  a  stretching  of  the  tissue  of  the  heart-walls,  so  that  the 
dilation  does  not  pass  off  when  the  strain  lessens  (pathological  dila- 
tation), or  (2)  an  enlargement  of  the  orifice  between  the  auricle  and 
ventricle,  so  that  the  valve  cannot  close  it  completely.  (Functional 
incompetence  of  the  valve.)  Both  these  results  may  occur  at  once, 
and  in  cases  of  diseased  heart-tissue  rupture  of  the  wall  sometimes 
takes  [dace.  In  thus  defining  the  terms  used,  reference  has  been 
made  to  the  left  side  of  the  heart,  but  the  principle  is  equally  appli- 
cable to  the  right  side. 

It  must  not  be  inferred  that  dilation  of  the  heart  is  essentially  an 
evil.  As  pointed  out  by  Roy  and  Adami,  the  heart  tends  to  dilate 
whenever  its  work  is  increased,  as  a  matter  of  economy.  The 
economy  results,  ( i )  from  the  fact  that  any  muscle  works  at  an  ad- 
vantage when  somewhat  elongated,  and  (2)  because  the  volume  of  a 
spherical  mass  changes  faster  than  its  surface,  from  which  it  follows 
that  as  the  heart  dilates,  the  volume  of  blood  pumped  out  by  a  cer- 
tain linear  contraction  of  the  heart-muscle  increases  faster  than  the 
strain.  It  is  only  when  the  dilation  becomes  excessive,  in  connection 
with  greatly  increased  blood-pressure,  that  harm  results. 

The  relation  of  heart-ra/ff  to  heart-ifraw  is  evidently  an  indirect 
one,  influencing  it  only  as  it  influences  the  height  of  blood-pressure 
and  the  amount  of  dilation.  As  the  blood-pressure  can  be  determined 
directly,  we  need  only  to  consider  the  bearing  of  heart-rate  upon 
dilation.  Now  the  faster  the  heart  beats,  the  less  is  the  tendency  to 
dilation;  because  (i)  by  pumping  faster  it  does  not  need  to  pump 
so  much  blood  at  each  stroke,  (2)  the  nervous  regulation  causing 
increased  rate  causes  at  the  same  time  increased  tone  of  the  heart- 
muscle,  and  (3)  during  muscular  work  the  increased  rate  is  asso- 
ciated with  increased  force  of  contraction,  favoring  more  complete 
emptying.  Heitler  has  observed,  in  case  of  the  dog,  that  in  general 
an  increased  heart-rate  is  associated  with  a  diminished  volume,  and 
a  lessened  rale  with  enlargement.^  We  have  no  evidence,  therefore, 
that  a  rapid  pulse-rate  during  work  is  of  itself  a  direct  source  of 
danger;  it  is  apparently  a  protection  against  overfilling  of  the  cav- 
ities and  consequent  increase  of  strain. 

When  work  begins,  the  heart-strain  must  increase  rapidly,  because 

of  the  great  increase  in  blood-pressure;  the  fall  of  pressure  during 

work  must  tend  to  relieve  it.    We  cannot  tell  when  the  heart-strain 

>  Heitler  ;  Centralblatt  fiir  innere  Medicin,  1903,  p.  635. 
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is  greatest,  because  the  amount  of  dilation  is  one  of  the  two  factors, 
and  this  is  at  present  an  unknown  quantity.  We  have  an  increase  in 
pulse-volume,  amount  unknown,  tending  to  increase  the  dilation;  an 
increased  rate  of  beat,  tending  to  prevent  it ;  and  fatigue,  another 
unknown  factor,  tending  to  increase  it.  Roy  and  Adami'  go  so  far 
as  to  say  that  fatigue  and  dilation  of  the  heart  may  be  considered  as 
synonymous  terms.  When  work  ceases,  we  have  sudden  and  great 
changes  in  rate  and  pressure,  but  the  amount  of  dilation  is  again  an 
unknown  factor,  and  hence  the  strain  cannot  be  estimated  with  any 
certainty.  Before  the  question  of  heart-strain  can  be  answered  we 
must  be  able  to  state  what  changes  occur  in  the  volume  of  the  heart 
together  with  the  changes  in  pressure. 

Two  principal  methods  of  studying  the  size  of  the  heart  are  in 
use:  (I),  percussion  of  the  chest  wall,  and  (2),  the  fluoroscope. 
The  former  cannot  be  used  with  success  during  work  because  of  the 
noise  involved.  The  latter  method  is  far  superior  in  exactness  under 
any  circumstances.  Schott*  found  a  considerable  dilation  of  the 
heart  after  vigorous  work  in  wrestling,  using  both  methods.  Several 
scientists  have  improved  the  methods  of  using  the  fluoroscope  in 
such  study.  Moritz*  and  De  La  Camp'  have  failed  to  verify  Schott's 
results  in  sound  men,  but  the  latter  found  dilation  five  minutes  after 
work  in  cases  suffering  from  disease  of  the  heart.  He  concludes  that 
maximal  muscular  efforts  cause  acute  dilation  of  the  heart  only  when 
the  organ  is  diseased.  Neither  of  these  writers  attempted  to  study 
the  size  of  the  heart  during  the  work.  It  is  to  be  hoped  that  exten- 
sive studies  of  the  amount  of  dilation  during  work  will  soon  be 
carried  on,  and  preferably  in  connection  with  determinations  of 
blood-pressure.  Such  a  study  should  give  results  enabling  us  to 
determine  the  conditions  which  cause  the  greatest  heart-strain,  and 
thus  help  to  put  athletic  training  on  a  new  and  firm  basis,  substi- 
tuting intelligent  methods  of  training  for  guess  work. 

X.    SUHHART. 

a.  By  the  use  of  the  stationary  bicycle  the  effects  of  exercises  of 
speed  and  endurance  upon  the  respiratory  and  circulatory  systems 
can  be  studied  with  accuracy  during  the  progress  of  the  work. 
'  Roy  and  Adahi  :   Loc.  cit.,  p.  282. 

*  Schott:  Medical  record,  1898,  p.  436. 

*  MoRtTE  :  Manchener  medicinische  Wochenschrift,  1902,' p.  1. 

*  De  La  Camp:  Zeitschrift  fiir  klinsche  Medicin,  1903,  It,  p.  i. 
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b.  During  moderate  exercises  of  speed  the  following  changes  take 
place  in  the  circulatory  system  : 

1.  A  rapid  primary  rise  of  pulse-rate  when  work  begins,  lasting 
from  one  to  three  minutes;  a  gradual  secondary  rise  as  the  work 
continues,  often  separated  from  the  primary  rise  by  a  plateau ;  a 
rapid  primary  fall  when  the  work  stops,  followed  by  a  more  gradual 
secondary  fall,  the  two  also  being  separated  by  a  plateau  in  some 
instances. 

2.  A  rapid  rise  of  blood-pressure  when  the  work  begins,  lasting 
from  five  to  ten  minutes ;  a  gradual  fall  of  pressure  as  the  work  con- 
tinues ;  a  rapid  fall  to  normal  or  subnormal  when  work  stops. 

3.  A  sudden  lengthening  of  systole  when  work  begins ;  a  gradual 
shortening  as  the  work  continues ;  a  sudden  and  pronounced  shorten- 
ing when  work  stops,  followed  by  a  gradual  lengthening  to  normal. 

0.  The  following  explanations  are  offered  to  account  for  these 
changes: 

1.  The  first  changes  in  pulse-rate  when  work  begins  and  when  it 
stops  are  due  to  nervous  impulses  acting  upon  the  inhibitory  centre. 
Nervous  impulses  acting  upon  the  accelerator  centre  and  effects  of 
heat  and  waste  products  come  in  later. 

2.  The  rise  of  blood-pressure  when  work  begins  is  produced  by 
increased  pulse-rate,  contraction  of  abdominal  muscles,  and  pumping 
action  of  the  working  muscles  upon  the  veins ;  the  latter  two  causes 
hastening  the  return  of  venous  blood  and  thus  increasing  the  pulse- 
volume. 

3.  The  cessation  of  the  rise  of  pressure  during  work,  while  the 
pulse-rate  is  still  rising,  is  due  to  diminished  peripheral  resistance, 
because  of  dilation  of  vessels  in  the  working  m  uscles  and  in  the  skin ; 
possibly  also  aided  by  the  action  of  the  depressor  nerve  and  diminu- 
tion of  blood-volume  by  sweating. 

4.  The  extent  of  the  fall  of  pressure  during  work  depends  upon 
the  extent  to  which  the  skin-vessels  are  dilated,  which  in  turn  de- 
pends upon  the  temperature  of  the  air  and  amount  of  clothing  worn 
by  the  subject. 

5.  The  sudden  changes  in  systole  at  the  beginning  and  end  of 
work  are  due  to  sudden  changes  in  the  work  of  the  heart  before  the 
regulating  mechanism  has  time  to  adjust  itself  to  the  changed 
conditions. 

d.  The  practical  bearing  of  these  results  on  the  ultimate  problem 
of  heart-strain  is  as  follows  : 
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1.  A  rapid  pulse  is  never  an  immediate  cause  of  heart-strain,  nor  a 
safe  indication  of  how  great  a  strain  is  present. 

2.  The  changes  in  blood-pressure  during  work  influence  the 
amount  of  strain  on  the  heart  directly  and  proportionally,  but  the 
time  of  greatest  strain  and  the  general  changes  in  amount  of  strain 
cannot  be  determined  without  a  parallel  determination  of  blood- 
pressure  and  change  in  heart-volume. 

3.  The  maximum  heart-strain  produced  by  a  certain  amount  of 
work  is  diminished  by  gradually  "warming  up"  before  doing  the 
most  vigorous  part  of  it,  and  is  also  less  when  the  temperature  is 
warm. 

In  closing  I  wish  to  acknowledge  the  help  given  me  by  Dr.  Warren 
P.  Lombard,  under  whose  direction  the  work  was  carried  on ;  I  am 
also  indebted  to  Mr.  G.  O.  Higley,  Instructor  in  Chemistry  in  the 
University  of  Michigan,  and  Dr.  William  Litterer,  Instructor  in  Phy- 
siology in  Vanderbilt  Medical  School,  for  valuable  assistance  in  mak- 
ing the  experiments. 
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ON  THE  ACTION   OF   LOBELINE. 
By   CHARLES   W.   EDMUNDS. 

[Fn>m  the  Pharmaeotogiial  Laboratory  a/ the  University  nf  Michigan^ 

THE  question  as  to  who  introduced  Lobelia  inflata  or  Indian 
tobacco  into  medicine  is  one  that  is  hard  to  answer.  The 
drug  had,  no  doubt,  been  used  for  a  long  time  by  the  laity  before  it 
began  to  be  employed  by  regular  practitioners,  and  it  is  possible  that 
it  was  used  by  the  Indians  before  the  time  of  the  whites,  although 
opinions  differ  on  the  subject. 

The  first  account  of  the  emetic  property  of  the  drug  was  published 
in  1785,  by  the  Rev.  Manasseh  Cutler,'  who  began  to  employ  it  in 
asthma  in  1809.  Schoepf^  in  1787,  writing  on  the  subject,  con- 
fused Lobelia  infiata  with  Lobelia  syphilitica,  and  ascribed  the 
properties  of  each  drug  to  the  other. 

The  name  which  above  all  others  is  most  closely  connected  with 
Lobelia  inflata  is  that  of  Dr.  Samuel  Thomson,  the  founder  of  the 
Thomsonian  system  of  medicine;  under  this  system,  lobelia  was 
the  most  important  member  of  the  class  of  "  Emetics,"  and  was 
employed  so  extensively  by  Thomson  and  his  followers  that  they 
were  very  commonly  called  "Lobelia  doctors." 

The  origin  of  the  common  name  "  Indian  tobacco"  is  much  dis- 
puted. According  to  J.  U,  and  C.  G.  Lloyd*  (to  whom  I  am  in- 
debted also  for  a  large  part  of  the  early  history  of  the  plant),  it 
was  first  called  "  Wild  tobacco,"  and  from  this  it  was  very  easy  to 
have  the  name  changed  to  "  Indian  tobacco,"  as  it  would  naturally  be 
thought  that  a  tobacco  growing  wild  would  be  used  by  the  Indians. 
However,  the  Lloyds  say  all  the  evidence  they  have  been  able  to 
collect  is  against  the  theory  of  its  use  by  the  aborigines.  Carver, 
Lewis   and    Clark,  and  Zina    Pitcher,   and    many  others   who   have 

'  Cutler  ;  American  Academy  of  Sciences,  1785,  i,  p.  484. 
'  ScHORPF  :  Materia  Medica  Americana,  17S7,  p.  128. 

•  J.  U.  and  C,  G.  Llovd:  Drugs  and  medicines  of  North  America,  1886,  ii, 
P  ^S- 
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written  on  the  subject  of  Indian  remedies,  do  not  mention  "Lobelia 
inflata."  The  one  exception  is  Mattson^  (1841),  who  states  that 
there  is  abundant  traditionary  evidence  that  it  was  used  by  the 
Penobscot  Indians  long  before  the  time  of  Dr.  Thomson.  With 
this  one  exception,  the  evidence  all  seems  to  be  against  the  use  of 
this  herb  by  theearly  inhabitants  of  this  country.^ 

As  lobelia  was  brought  before  the  public  so  prominently  in  vari- 
ous trials  of  the  Thomsonians  for  murder  and  manslaughter  in  which 
it  figured,  it  was  natural  that  it  should  be  examined  as  to  its  chemis- 
try, and  later  as  to  its  pharmacological  action. 

One  of  the  first  important  pieces  of  work  upon  the  pharmacologi- 
cal side  of  the  question  was  by  Ott"  in  1875.  He  was  followed  by 
Ronnberg*  in  1880,  Bartholow'  in  1886,  and  by.  Dreser*  in  1889, 
and  still  later  by  Btiedtner^  and  Tietze." 

There  still  exists  some  question  as  to  the  position  of  lobeline  in 
the  pharmacological  system,  and  I  have  attempted  to  determine  this 
more  satisfactorily  in  the  following  series  of  experiments.  It  very 
soon  became  apparent  that  its  nearest  affinity  was  to  the  group  of 
nicotine  (Langlcy  and  Dickinson^),  and  accordingly  the  effects 
of  these  two  alkaloids  were  in  many  cases  contrasted  in  parallel 
experiments. 

The  alkaloid  was  extracted  from  the  powdered  seed  of  Lobelia 
inflata  (kindly  supplied  me  by  Parke,  Davis,  and  Co.),  the  method 
employed  following  that  described  by  Drcser. 

The  powdered  drug  was  percolated  with  sixty  per  cent  alcohol  acidulated  with 
acetic  acid,  and  the  resulting  tincture  concentrated  on  a  water  bath,  pre- 
cipitated by  lead  acetate  and  filtered.     The  excess  of  lead  was  removed 

'  Mattson:  American  vegetable  practice. 

'  The  origin  of  the  popular  name  is  of  some  anthropological  interest,  since 
the  action  of  Lobelia  resembles  that  of  tobacco  so  closely.  A  similar  interest 
attaches  to  the  habit  of  chewing  pituri  among  the  AusU'alian  nalives.  as  Langlev 
and  Dickinson  (Journal  of  physiology,  1890,  xi,  p.  265)  have  shown  that  the 
action  of   pilurine  is  practically  identical  with  that  of  nicotine. 

»  Ott:  Philadelphia  medical  times,  1875.  vi,  p.  121. 

*  Ronnberg:  Inaugural  dissertation,  Rostock,  iSSo. 

*  Barthoix)W  :  Drugs  and  medicines  of  North  America,  1886,  ii,  p.  89. 

*  Drbser:  Archiv  fiir  experi  men  telle  Palhologie  und  Pharmakotogie,  1889, 
xivi,  p.  Z37. 

'  Bliedtnek:  Inaugural  dissertation,  Kiel,  1 89T. 
'  TiETZE:  Inaugural  dissertation,  Griefswald,  1903. 

*  Langlev  and  Dickinson  :  Journal  of  physiology,  1890,  xi,  p.  265. 
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by  sulphuric  acid.  The  acid  fihrate  was  shaken  with  ether  and  filtered 
through  animal  charcoal ;  it  was  then  rendered  alkaline  with  sodium  car- 
bonate and  the  freed  alkaloid  collected  by  shaking  repeatedly  with  ether 
in  a  separating  funnel.  The  alkaloid  was  then  removed  from  the  ethereal 
solution  by  shaking  it  with  water  containing  hydrochloric  acid,  From 
this  solution  the  alkaloid  was  again  freed  by  sodium  carbonate,  taken  up 
by  ether,  and  again  removed  from  the  ether  with  dilute  hydrochloric  acid. 
This  was  repeated  two  or  three  times  to  render  the  alkaloid  as  pure  as 
possible.  Finally  the  ethereal  solution  was  rendered  acid,  and  the  ether 
allowed  to  evaporate,  and  the  alkaloid  dried  in  vacuum  over  sulphuric 
acid.  There  remained  a  transparent,  odorless,  brittle  film,  having  only 
a  very  faint  straw-like  tint.  It  was  very  freely  soluble  in  water,  and  was 
used  to  make  np  solutions  for  the  pharmacological  experiments. 

To  some  of  the  lobeline  hydrochloride  dissolved  in  water,  platinum  chloride 
was  added,  giving  a  heavy,  amorjihous,  faintly  yellow  precipitate.  The 
solution  containing  the  precipitate  was  set  aside,  protected  from  the  dust, 
and  in  a  few  days  bright,  orange -colored  crystals  began  to  form  in  the 
bottom  of  the  beaker,  and  at  the  same  time  the  amorphous  precipitate 
decreased  in  amount.  These  crystals  having  been  washed  with  cold  dis- 
tilled water,  and  dried  over  sulphuric  acid,  gave  a  melting  point  of  1 76°  C. 
I  was  unable  to  obtain  enough  of  this  crystalline  sail  to  perform  an 
analysis. 

If  the  lobeline  hydrochloride  was  allowed  to  stand  for  a  longer  time  before 
it  was  precipitated  with  platinum  chloride,  no  crystalline  salt  was  formed, 
the  precipitate  remaining  amorphous.  The  double  salt,  dried  at  100°  C, 
gave  a  platinum  content  of  21.36  per  cent.  The  fact  that  salts  of  lobe- 
line will  not  crystallize,  unless  the  base  is  freshly  prepared,  is  men- 
tioned by  Siebcrt  (quoted  by  BrUhl),  who  gives  the  formula  as 

(C„HjsNO,.HCI),  Pt  CI,  +  3  H,0, 

which  would  indicate  a  platinum  content  of  19-65  per  cent.  Dreser,  how- 
ever, finds,  when  the  salt  is  dried  in  a  vacuum  at  ordinary  temperature,  a 
platinum  content  of  zo.46  per  cent,  and  when  dried  at  115°  C,  zi.17 
per  cent ;  from  these  he  obtains  the  formula 

[(Ci.Hj.NO)  HCl]j  Pt  CI*. 


Action  on  the  Frog. 

The  effects  of  lobeline  upon  the  frog,  as  given  by  Ott,  were  "  loss 
of  voluntary  movements  and  want  of  co-ordination,  with  destruction 
of  irritability  of  motor  nerves."     Ronnberg  finds,  first,  an  increased 
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reflex  excitability,  followed  by  loss  of  will  power,  with  lessened  excita- 
bility, passing  on  to  final  total  paralysis.  Dreser  localized  the  spinal 
cord  as  being  the  seat  of  the  increased  reflex  excitability,  and  also 
demonstrated  a  curara  action  on  the  motor  terminations. 

Fenoaal  otwerraUoiis.  —  The  results  obtained  upon  this  animal 
add  little  to  the  work  given  above,  but  in  the  main  confirm  it.  After 
the  injection  in  a  large  frog  of  three  milligrams  of  lobeline,  the  animal 
made  attempts  at  jumping,  but  in  a  few  minutes  became  quiet.  The 
respiration  was  markedly  slowed  and  irregular,  and  in  some  cases  all 
visible  respiratory  movements  ceased.  The  animal  remained  quiet 
unless  it  was  disturbed  by  pinching,  when  it  would  hop  away,  the 
movements  being  clumsy  and  not  well  co-ordinated  and  there  being 
some  difficulty  in  regaining  the  normal  position.  When  placed  on  its 
back,  it  was  usually  able  with  some  effort  to  right  itself.  After 
some  hours,  during  recovery,  an  increase  in  reflex  excitability  was 
at  times  noticeable. 

With  doses  of  five  to  ten  milligrams,  the  animal  showed  more  diffi- 
culty in  its  bodily  movements,  with  complete  loss  of  control  over  its 
forelegs,  causing  it  to  rest  on  its  abdomen.  It  would  not  hop  away 
when  disturbed,  and  reflex  movements  finally  disappeared,  total 
paralysis  coming  on,  due  to  a  curara-like  action  on  the  motor  ter- 
minations. This  paralysis,  after  a  day  or  two,  began  to  pass  off,  and 
the  animal  exhibited  marked  reflex  excitability  resulting,  in  some 
cases,  in  strychnine-like  convulsions.  The  convulsive  contractions 
were  usually  not  as  prolonged  as  would  be  caused  by  strychnine, 
but  resembled  more  those  in  which  curara  and  strychnine  are  given 
together.  In  several  cases  the  frogs  died  two  or  three  days  after  the 
lobeline  had  been  administered,  and  none  of  these  later  effects  were 
obtained. 

In  his  experiments  on  frogs,  Ott  reported  "  muscular  twitching  and 
convulsive  movements  of  extremities,"  but  although  I  have  looked 
carefully  for  such  muscular  phenomena,  I  have  never  seen  them,  but 
think  their  absence  might  possibly  be  explained  by  the  variety  of 
frogs  used  (Rana  virescens),  or  perhaps  by  the  season  of  the  year 
influencing  them.  This  is  made  more  probable  by  the  fact  that  in 
the  experiments  made  with  nicotine  as  a  comparison,  I  was  not 
able  to  get  any  twitching  whatever. 

Langley  and  Dickinson  state  that  nicotine  first  causes  a  state  of 
excitement  in  the  frog.  This  is  followed  by  a  characteristic  rigid 
posture  which  gradually  passes  ofT  through  paralysis  of  the  central 
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nervous  system  and  peripheral  nerve  terminations.     Muscular  twitch- 
ings  may  be  present. 

From  this  brief  description  it  will  be  seen  that  the  main  difference 
between  the  two  drugs  is  that  with  lobeHne  the  rigidity  is  not  found, 
indicating  the  absence  of  the  stimulant  action  on  the  hind  brain. 


Effect  on  Warm-blooded  Animals. 

To  a  small  rabbit  Ott  gave  one  drop  of  "  Lobelina,"  intravenously, 
resulting  in  struggling  and  death  in  one  minute.  In  another  animal 
subcutaneous  doses  of  small  amounts  had  little  effect,  while  an  intra- 
venous injection  caused  convulsive  movements  and  spasms  of  head 
and  jaw  muscles.  Dreser  gave  five  milligrams  to  a  cat,  the  injection 
being  followed  by  struggling,  vomiting,  and  dyspnoea.  Later,  one 
hundred  milligrams  caused  death  in  forty  minutes  from  a  central 
paralysis  of  the  respiration. 

Ronnberg  got  very  much  the  same  effects  in  dogs. 

Personal  obaervatloiH.  —  In  the  experiments  upon  this  phase  of 
lobeline  action  symptoms  resembling  those  described  were  obtained 
as  well  as  some  not  mentioned  above.  Small  doses  (one-half  to  five 
milligrams)  of  lobeline,  given  subcutaneously,  caused  violent  vomit- 
ing in  cats  in  from  three  to  three  and  one-half  minutes,  this  vomiting 
being  repeated  several  times  during  the  next  ten  minutes.  About 
three-quarters  of  an  hour  later  it  came  on  again,  but  this  time  the 
vomitus  was  white  and  foamy,  being  composed  entirely  of  swallowed 
saliva  and  mucus.  Twitching  of  the  ears  appeared  to  be  a  constant 
symptom,  coming  on  three  or  four  minutes  after  the  drug  was  given. 
At  first  the  ears  usually  moved  together,  but  later  they  twitched  in 
opposite  directions.  This  twitching  does  not  last  for  more  than 
about  a  minute,  but  it  may  come  on  again  later,  though  it  is  usually 
less  marked  and  for  a  shorter  time.  The  animal  often  urinates,  and 
movements  of  the  bowels  are  not  infrequent.  Other  symptoms  found, 
such  as  distress,  unrest,  and  depression,  are  probably  secondary  to 
the  emests. 

To  see  if  the  twitching  of  the  ears  was  caused  by  the  drug,  or  was 
due  to  the  vomiting  alone,  other  experiments  were  carried  out  on  cats 
in  which  emesis  was  caused  by  apomorphine;  but  in  no  animal  did 
any  twitching  of  the  ears  take  place,  showing  that  with  lobeline 
it  was  not  secondary  to  the  vomiting,  but  was  due  to  some  direct 
action. 


ibyGooglc 


84  Charles   W.  Edmunds. 

With  larger  doses  (fifteen  to  thiriy  milligrams)  the  sym|it(ims 
differ  more  in  degree  than  in  kind,  the  dyspncea  and  depression 
being  much  more  pronounced.  The  animal  moans  and  cries,  stag- 
gers about,  falls  forward  with  head  on  the  floor,  the  trouble  with 
walking  being  especially  noticeable  in  the  hind  limbs.  With  these 
large  doses,  the  vomiting  Is  not  as  marked  as  with  the  smaller  doses. 
In  some  cases  it  occurred  as  early  as  with  the  small  doses,  but  was 
not  repeated  more  than  once  or  twice.  In  other  animals  it  did  not 
come  on  for  ten  or  fifteen  minutes,  and  then  was  not  repeated.  Mic- 
turition and  purgation  are  more  common  symptoms  —  an  involuntary 
diarrhcEa  not  being  unusual. 

A  dose  of  seventy-five  milligrams  given  subcutaneously  to  a*cat 
of     1250   grams    caused    violent    panting    in    twenty   seconds;    the 
animal  cried,   ran   about  the   cage,  its   ears   twitched   for   about    a 
minute  and  then  lay  back  close  to  the  head,  and  the  hair  on  its  tail 
was  raised.     In  two  and  one-half  minutes   the  animal  was  panting 
with    head    lowered,    twitching    and    trembling    all    over.      In    six 
minutes  a  violent  convulsion   came  on,  tonic  in  character,  lasting 
about  twenty  seconds.     Its  body    was    rigid    and   its  legs  were  ex- 
tended stiffly  at  right  angles  to  the  body.     The  animal  made  violent 
leaping  movements  two  or  three  inches  in  the  air.     After  the  convul- 
sion, the  animal  lay  on  the  bottom  of  the  cage,  trembling  violently, 
but  later  the  attacks  of  trembling  came  only  every  five  or  ten  seconds. 
Four  minutes  after  the  first  convulsion,  another  came  on  of  much  ihe 
":er,  except  that  the  cat  lay  on  the  bottom  of  the  cage, 
owed  by  feeble  kicking  movements,  and  the  animal  died 
es  after  the  injection  had  been  made.     It  will  be  noticed 
iting  whatever  occurred  in  this  animal.     With  the  in- 
;  of  the  dose,   this   symptom  appears   to   become   less 

3  is  no  doubt  due  to  stimulation  of  the  vomiting  centre, 
claimed  by  the  earlier  workers,  because,  given  by  the 
;er  doses  are  required  and  a  longer  time  to  act. 
;  marked  tremors  were  seen  after  small  doses  of  lobeline, 
of  the  anterior  part  of  the  body,  followed  later  by  gcn- 
chings  and  tremors  that  became  more  severe  until  the 
opped . 

iment  in  which  seventy-five  milligrams  were  given  to  a 
It,  contrary  to  some  of  the  earlier  workers,  lobeline  has  a 
;t  on  the  central  nervous  system  when    given  in  suffi- 
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ciently  large  doses.  It  may  be  added  here  that  in  those  cases  in 
which  fifteen  to  twenty-five  milligrams  were  given,  with  the  usual 
symptoms  of  dyspnoea,  etc.,  if  a  second  dose  of  the  same  size  was 
given,  half  an  hour  to  an  hour  later,  the  symptoms  were  not  nearly  as 
marked  as  at  the  primary  dose,  the  vomiting  and  dyspnoea,  perhaps, 
being  entirely  absent.  An  explanation  of  this  might  be  that  the 
depression  of  the  nervous  system  following  the  stimulation  of  the 
first  dose  was  so  great  that  the  nerve  cells  could  not  react  to  the  new 
injection. 

In  rabbits,  subcutaneous  injections  of  from  five  to  seven  milligrams 
had  little  effect  beyond  causing  a  marked  slowing  o(  the  respiration. 
At  times  the  animal  appeared  rather  more  restless  than  usual,  and 
seemed  to  lose  partial  control  of  its  limbs,  as  when  resting  it  would 
often  slide  its  fore  limbs  out  in  front  of  it,  and  the  hind  limbs  would 
be  stretched  out  backwards,  instead  of  drawn  up  closely  under  it,  as 
is  normal. 

In  dogs,  the  effect  is  much  the  same  as  in  cats.  One  milligram 
given  subcutaneously  to  a  smalt  dog  caused  no  symptoms  beyond  a 
markedly  accelerated  respiration.  Three  milligrams,  in  addition  to 
the  respiratory  changes,  caused  vomiting  in  fifteen  minutes.  Ten 
milligrams  given  subcutaneously  to  a  large  dog  increased  the  respi- 
ration and  caused  emesis  in  five  minutes- 
According  to  the  observations  of  Bernard,  V.  Praag,  Krocher,  and 
Truhart  (cited  by  Langley  and  Dickinson),  nicotine  causes,  in  mam- 
mals, a  preliminary  excitement,  clonic  spasms  and  twitching  of  the 
muscles  in  various  parts  of  the  body,  and  at  times  convulsions  and 
opisthotonus.  In  the  cat,  there  occurs  a  certain  rigidity  of  the  fore 
limbs  (V.  Anrep.)  and  twitching  of  the  ears  (Truhart). 

Langley  and  Dickinson  found  the  motor  nerve  ends  were  paralyzed 
in  a  cat  by  ten  to  fifteen  milligrams,  but  that  a  larger  amount  was 
required  in  the  rabbit  and  very  much  more  in  the  dog. 

One  difference  between  the  two  alkaloids  would  seem  to  be  that 
lobeline  does  not  cause  a  preliminary  excitement  or  clonic  spasms 
with  muscular  twitching  (with  the  exception  of  the  action  on  the 
ears),  unless  it  is  given  in  very  large  and  rapidly  fatal  doses,  when 
these  symptoms  may  .occur.  The  emetic  power  of  lobeline  would 
appear  greater  than  that  of  nicotine.  The  'paralysis  of  the  motor 
endings  has  not  been  demonstrated  in  mammals  from  lobeline 
action. 
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Respiration. 


As  to  the  effect  of  lobeltne  upon  the  respiration,  Ott  said,  the 
drug  was  a  respiratory  poison,  as  the  heart  beat  after  the  respiratory 
movement  had  stopped.  He  also  said,  the  respiration  is  first  acceler- 
ated and  then  depressed,  and  these  changes  not  taking  place  after 
section  of  the  vagi,  he  attributed  them  to  irritation  of  the  endings  of 
these  nerves  in  the  lungs.  Dreser  carried  out  the  most  extensive 
work  upon  this  part  of  the  lobeline  action,  and  summarized  his  re- 
sults as  follows :  lobeline  produces  powerful  excitement  of  respiratory 
activities;  the  respirations  are  increased  in  frequency,  this  lasting 
longer  with  vagi  intact  than  when  they  are  cut;  the  volume  of  each 
respiration  is  increased  as  well  as  the  force  with  which  the  breathing 
muscles  are  innervated  from  the  centre,  resulting  in  increased 
amount  of  work ;  the  contractile  effect  of  the  vagi  upon  the  bronchial 
muscles  becomes  non-effective  after  relatively  small  doses.  Dixon 
and  Brodie'  have  recently  stated  that  a  preparation  of  lobelia  causes 
some  constriction  of  the  bronchial  tubes,  unless  where  these  are 
already  in  a  state  of  contraction,  when  ihe  lobelia  injection  is  followed 
by  a  transient  dilatation. 

Personal  obBervatioiiB,  —  In  a  Cat,  not  Under  an  anxsthelic,  one  mil- 
ligram subcutaneously  caused  the  respiration  to  become  not  only  ac- 
celerated, but  also  irregular,  but  this  irregularity  is  probably  caused  by 
the  marked  nausea.  With  larger  doses  ( 1 5  milligrams  for  cat  of  2400 
grams)  the  respiratory  rate  was  very  greatly  accelerated;  in  three  or 
four  minutes  it  was  thirty-five  in  fifteen  seconds,  the  animal  standing 
with  its  mouth  wide  open,  violently  panting.  Five  minutes  later  the 
rate  had  propped  to  fourteen  in  fifteen  seconds,  and  still  later  to  twelve, 
and  at  the  end  of  half  an  hour  to  nine.  During  this  period  the 
animal  had  short  attacks  of  dyspnoea,  violent  panting,  with  the  mouth 
open. 

A  subsequent  injection  of  ten  milligrams  given  fifty-five  minutes 
after  the  primary  fifteen  milligrams  caused  practically  no  acceleration 
whatever.  There  was,  however,  a  progressive  slowing  from  eleven 
before  the  injection  to  eight  four  minutes  after,  remaining  at  this  rate 
for  about  fifteen  minutes,  when  it  increased  slightly.  With  rabbits 
that  were  not  anesthetized  the  investigations  of  the  effects  on  the 
respiration  were  very  unsatisfactory,  as  external  influences  seemed 

'  Dixon  and  Bhodie:  Journal  of  physiology,  1903,  xxix,  p.  169. 
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to  be  such  a  large  factor  in  the  animal's  breathing.  However,  a  dose 
of  seven  milligrams  given  subcutaneously  caused  very  marked  slowing, 
decreasing  the  rate  to  almost  one-half  the  normal. 

In  a  mouse,  one-half  milligram  given  subcutaneously  caused  first 
acceleration,  dyspnoea,  and  irregularity  followed  by  slowing,  which 
began  about  three  minutes  after  injection,  and  lasted  for  about  three- 
quarters  of  an  hour.  In  subsequent  injections  of  doses  from  one  to 
two  milligrams,  the  acceleration  became  less  marked  than  in  the 
primary  injection,  but  the  slowing  became  greater  until  the  respira- 
tion ceased  entirely  after  a  total  of  five  and  one-half  milligrams  had 
been  given  in  an  hour  and  a  half.  In  anaesthetized  animals  there 
was  found  the  acceleration  followed  by  slowing  which  has  been 
described. 

In  a  dog  under  morphine  and  chtoretone,  one  or  two  milligrams 
caused  marked  respiratory  movements  like  those  seen  in  cats,  hut  a 
second  dose  of  the  same  size  caused  none  of  these  effects.  After  the 
dyspnoeic  breathing  following  the  primary  injection  of  five  milligrams, 
all  respiratory  movements  ceased  for  possibly  twenty  seconds,  when 
artificial  respiration  was  begun,  but  in  a  very  few  seconds  the  natural 
process  was  reinstated.  Apparently  the  first  dose  stimulates  the 
respiratory  movement,  but  its  secondary  effects  antagonize  those  of 
subsequent  doses.  This  antagonism  is  interesting  because,  although 
the  centre  is  incapable  of  responding  to  further  stimulation,  it  does 
not  seem  to  be  incapacitated  for  its  ordinary  function,  for  the  rate  is 
not  markedly  slowed. 

Nicotine  causes  a  quickening  and  deepening  of  the  respiration  (V. 
Praag  and  Rosenthal).  In  anaesthetized  animals  the  drug  first 
causes  slowing  and  deepening  of  the  respiration,  followed  by  an 
accelerated  rate  (Langley  and  Dickinson),  Section  of  the  vagi  les- 
sens the  quickening  effects  of  the  drug,  but  deepens  the  respiration. 

There  is,  therefore,  very  little  difference  between  the  two  drugs  in 
their  effects  upon  the  respiration,  the  changes  caused  by  them 
probably  differing  more  in  degree  than  in  kind. 


Blood- Pressure  and  Heart. 
The  effect  of  lobelia  upon  the  circulation  has  been  studied  most 
carefully  by  Ott,  who  found  that  in  dogs  and  rabbits  the  drug  caused 
a  temporary  fall  of   pulse-rate  and    blood-pressure.     This  was    suc- 
ceeded by  a  rise  in  pressure  and  increase  in  pulse-rate  beyond  the 
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normal,  and  occasionally  before  death  the  pulse  became  exceedingly 
rapid.  Furthermore  he  says,  section  of  the  vagi  or  paralysis  of 
them  by  nicotine  or  atropine  did  not  prevent  the  same  sequence  of 
events  from  taking  place,  excepting  that  where  nicotine  was  used  the 
rise  in  pressure  was  very  slight.  He  located  the  point  of  action  of 
the  drug  in  the  excitomotor  ganglia  in  ihe  heart  which  have  their 
excitability  diminished.  He  added  further  that  lobeline  paralyzed 
the  vagi  and  also  the  vasomotor  centre,  and  the  rise  in  pressure  was 
due  to  spinal  or  peripheral  vasomotor  action. 

Ronnberg  obtained  a  rise  in  pressure  up  to  two  minutes  after  the 
injection  of  one  milligram  in  the  jugular  vein.  This  was  followed  by 
a  decrease  in  pressure  for  five  minutes,  and  after  this  decrease,  for 
five  or  ten  minutes,  a  regular  rise  and  fall  in  pressure  with  a  small 
frequent  pulse.  The  latter  changes  coincided  with  periodic  vomiting. 
From  the  fact  that  lobeline  removetl  the  muscarine  standstill  of  the 
heart,  and  also  that  in  lobeline-poisoned  hearts  muscarine  either  does 
not  act  at  all,  or  acts  only  in  larger  doses,  he  concluded  that  lobeline 
acted  on  the  peripheral  endings  of  the  vagi. 

PersonEU  obBervations.  —  Most  of  my  work  upon  the  effect  of 
lobeline  upon  the  circulatory  system  in  mammals  was  carried  out 
upon  cats  anaesthetized  with  morphine  and  chloretone, — a  cannula 
connected  with  the  recording  manometer  being  inserted  in  the 
carotid,  and  the  injections  made  into  the  jugular  vein. 

An  analysis  of  the  tracings  obtained  confirms,  in  the  main,  Oit's 
work,  but  with  some  variations,  which  will  be  noted. 

The   changes    taking   place   in    the   circulation    may   perhaps    be   ■ 
most   simply   described    in    three   stages,     ist.    A   stage   of   brady- 
cardia and   low  pressure.     2d.   Acceleration   of  the  pulse  and   rise 
in   blood-pressure.     3d.    Gradual    decline    in    both    pulse-rate    and 
blood -pressure. 

Stage  I.  —  About  five  seconds  after  an  injection  of  one  milligram 
of  the  drug,  there  was  marked  slowing  of  pulse,  with  finally  a  com- 
plete stoppage  of  the  heart,  lasting  from  one  to  two  seconds.  This 
cessation  was  followed  by  two  or  three  irregular  contractions,  and 
then,  for  the  next  ten  seconds,  regular  strong  beats  at  less  than  half 
the  normal  rate,  followed  by  gradually  accelerated  rhythm  as  will  be 
described  under  Stage  2. 

The  blood-pressure  changes  during  this  period  of  bradycardia  were 
quite  marked;  it  fell  gradually,  becoming  irregular  during  the  period 
of  stoppage,  and  arhythmia  of  the  heart;  but  during  the  slow  regular 
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beats  the  pressure  is  very  much  lower  than  normal,  but  regular  wilh 
the  pulse-wave  very  large.  This  stage  of.  slow  heart  and  low 
pressure  passes  then  into  Stage  2. 

Stage  2.  — The  heart  is  gradually  but  rapidly  accelerated,  and  the 
blood-pressure  greatly  raised,  reaching  the  highest  point  in  from 
thirty  to  forty-five  seconds  after  the  drug  is  given.  The  pulse, 
when  it  is  most  rapid,  is  about  half  as  fast  again  as  normal,  and  the 
pressure  very  much  higher  than  the  normal. 

Stage  J. — This  stage  lasts  for  from  four  to  five  minutes,during 
which  time  the  pressure  and  pulse-rate  slowly  and  gradually  fall,  until 
both  have  reached  the  normal,  or  more  often  may  be  slightly  below 
the  normal. 

The  effect  of  subsequent  doses  differed.  A  smaller  dose  (five- 
tenths  mittigram)  than  the  original  caused  no  change  in  either  pulse- 
rate  or  pressure.  A  dose  of  the  same  size  as  the  original  (one 
milligram)  gave  a  curve  much  the  same  as  that  described  under 
Stages  2  and  3  above.  In  other  words.  Stage  1  was  absent.  The 
rise  in  pressure  was  not  as  marked  as  in  the  primary  injection, 
and  the  subsequent  fall  was  more  marked,  that  is,  it  reached  a  lower 
point  each  time,  as  described  below. 

Injections  given  later  varied  in  their  effect,  the  rise  in  pressure 
becoming  less  marked  after  each  injection,  until,  after  two  or  three 
doses,  no  rise  would  result.  The  acceleration  of  the  pulse  also  became 
less  marked.  The  decline  in  pressure  at  the  end  of  Stage  3  also 
ended  after  the  first  few  injections,  with  the  height  of  pressure  slightly 
lower  than  it  had  been  after  the  preceding  injection,  as  mentioned 
above.  This  fall  was  only  down  to  a  certain  level  which  would  be 
maintained  after  later  injections. 

As  an  example  of  the  variation  in  pressure  occurringfrom  repeated 
doses,  the  measurements  from  one  experiment  may  be  given,  the 
figures  being  the  height  of  the  curve  from  the  base  line. 
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If  the  primary  dose  was  larger  (five  milligrams),  the  effect 
was  much  the  same  as  we  have  described,  with  at  times  some  irregu- 
larity of  the  heart  during  the  decline  in  pressure.  The  greatest  dif- 
ference, however,  was  seen  with  subsequent  injections,  which  usually 
gave  no  change  in  rate  or  pressure. 

Several  experiments  were  carried  out  in  order  to  locate,  if  possible, 
the  points  of  action  of  the  drug.  A  cat  was  prepared  as  before,  and 
in  addition  the  vagi  were  severed  in  the  cervical  region.  Injections 
of  lobeline  then  gave  a  slight  slowing  and  a  small  fall  in  pressure,  but 
neither  effect  was  as  marked  as  in  experiments  with  intact  vagi. 
Stages  2  and  3  followed  as  before.  In  another  cat  both  vagi  were 
paralyzed  with  atropine  before  the  drug  was  injected.  In  this 
case  there  was  no  slowing  of  the  heart  or  fall  in  blood-pressure,  while 
the  other  phenomena  were  not  affected.  These  results  clearly  show 
that  the  preliminary  fall  in  both  pulse  and  pressure  is  due  partly  to 
central  and  partly  to  peripheral  action  on  the  vagi. 

It  is  well  known  from  Langley's,  Schmiedcberg's,  and  Truhart's 
researches  that  nicotine  first  stimulates  and  then  paralyzes  the  sym- 
pathetic ganglia  on  the  vagus  nerves,  in  addition  to  acting  on  the 
medullary  centres,  and  it  seemed  not  unlikely  that  lobeline  might  act 
in  the  same  way,  as  the  pressure-curves  obtained  from  it  were  almost 
identical  with  those  given  by  nicotine.  To  make  the  explanation  still 
more  probable  was  the  fact  that  lobeline  paralyzes  the  superior  cervi- 
cal ganglia,  as  will  be  shown  in  the  discussion  of  its  action  on  the 
pupil. 

Nicotine  was  accordingly  administered  to  a  cat,  until  practically  no 
change  in  blood-pressure  resulted  from  its  injection,  and  lobeline  was 
then  given,  resulting  in  a  very  slight  fall  and  subsequent  slight  rise, 
resembling  exactly  the  phenomena  shown  under  nicotine  action.  In 
other  experiments,  alternate  injections  of  the  two  drugs  gave  curves 
which  it  would  be  impossible  to  distinguish  from  one  another. 

Against  this  explanation,  there  is  Ronnberg's  work,  showing  that 
the  muscarine  standstill  of  the  frog's  heart  is  removed  by  lobeline, 
and  this  effect  was  confirmed  in  my  work,  I  also  found  that  five 
milligrams  of  pilocarpine  would  not  stop  a  cat's  heart  after  seven  and 
one-half  milligrams  of  lobeline  had  been  given.  There  resulted  only 
a  slowing  in  the  heart  from  one  hundred  and  eighty  beats  in  a  minute 
to  one  hundred  and  fifty. 

It  would  appear  necessary,  therefore,  to  ascribe  to  lobeline  some 
action  on  the  extreme  terminations  of  the  inhibitory  nerve,  as  well  as 
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on  the  ganglia  on  their  course,  but  it  seemed  unlikely  that  it  pos- 
sessed both.  The  difficulty  was  finally  cleared  up  by  the  examina- 
tions of  the  effects  of  the  drug  upon  the  hearts  of  cold-blooded  animals. 
These  were  examined  first  in  the  turtle,  upon  which  I  carried  out  a 
number  of  experiments  designed  especially  to  elucidate  the  relation 
between  lobeline  on  the  one  hand  and  pilocarpine  and  atropine  on 
the  other. 

The  brain  of  a  turtle  having  been  destroyed,  the  plastron  was 
removed,  the  pericardium  opened,  and  the  two  sides  of  the  exposed 
ventricle  were  connected  to  a  myocardiograph.*  The  lobeline  solu- 
tion was  injected  in  some  cases  into  the  vessels,  white  in  others  it  was 
dropped  on  the  heart.  In  general  it  might  be  said  that  after  lobeline 
had  been  given  pilocarpine  had  practically  no  action  in  slowing  the 
heart.  If,  on  the  other  hand,  pilocarpine  had  been  given  first,  bringing 
the  heart  to  a  standstill,  and  lobeline  was  then  applied  directly  to  the 
organ,  it  began  to  beat  again  after  some  time  (ten  or  fifteen  minutes), 
and  the  rate  gradually  increased,  but  in  no  case  did  it  return  to  the 
normal.  If,  later,  atropine  was  given,  the  rate  was  siill  more  increased, 
but  even  then  it  did  not  return  to  the  original  rate.  An  objection 
might  be  made  to  these  experiments  that  the  heart  was  connected  to 
the  instrument  by  threads  through  its  wall,  subjecting  it  to  injury  and 
constant  irritation,  which  might  account  for  the  changes  in  rate  found. 
To  avoid  this,  in  another  turtle  no  apparatus  was  used,  the  rate  of  the 
heart  being  counted  with  the  following  results. 

Experiment.  — 


2.58  Two  mgms.  pilocarpine  injected  into  aorta  toward  tlie  heart. 

The  heart  stopped  at  once. 
3.03  Two  and    one-half  nigms.    lobeline    into   aorta    peripherally, 

two  cm.  from  heart. 
3.15  Occasional  feeble  beats. 

3.10  Rate  5  per  minute.  —  Contractions  weak. 

3.32  Rate  5  per  minute,  —  Contractions  weak. 

3.35  Few  drops  lobeline  solution  direct  to  heart. 

3.39  Rate  5.  —  Contractions  strong. 

3.4s  Rale  6. 

'  CUSHNV  and  Matthews:  Journal  of  physiology,  1897,  xxi,  p.  213. 
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Exptrimint  (continued):  — 


3-SS 

Rale  7. 

3-57 

Rate  8. 

4.10 

Rates. 

4-iS 

Two  mgms.  pilocarpi 

4.Z0 

Rate  9. 

4-zS 

Rates. 

4.28 

Atropine  to  heart. 

4-31 

Rate  7. 

4-34 

Rate  36. 

4.40 

Rate  26. 

Lobeline,  when  given  either  by  injection  into  the  frog's  lymph  sac, 
or  by  direct  application  to  the  heart,  causes  a  progressive  slowing  and 
weakening  of  the  organ.  These  effects,  as  in  the  case  of  the  turtle, 
are  not  removed  by  atropine,  and  therefore  are  of  muscular  origin. 

If  atropine  is  applied  to  the  hearts  of  either  frogs  or  turtles,  and 
subsequently  lobeline  is  used,  there  soon  follows  a  slowing  of  the 
heart,  with  weakening  of  the  contractions,  these  effects  being  due  to  a 
direct  action  on  the  muscle  itself.  As  to  the  relation  of  lobeline  to 
muscarine,  I  found,  as  slated  above,  that  Ronnberg's  statements  as  to 
the  removal  of  the  muscarine  standstill  were  correct.  However,  in 
none  of  his  experiments  did  he  use  atropine  later,  to  see  if  that  would 
still  further  quicken  the  heart  after  lobeline.  He  could  not  tell, 
therefore,  if  the  nerve-terminations,  which  had  been  stimulated  by  the 
first  drug,  had  been  paralyzed  by  lobeline,  which  would  be  necessary  if 
it  had  neutralized  the  muscarine  action.  In  only  one  of  his  experi- 
ments (Table  VII,  No.  VI)  did  the  heart  return  to  the  normal  rate, 
and  then  not  until  two  hours  after  lobeline  had  been  applied. 

In  all  my  experiments,  while  lobeline  started  the  heart  alter  it  had 
been  brought  to  a  standstill  by  muscarine,  it  did  not  return  it  to  the 
original  rate.  If  atropine  was  then  given,  the  rate  was  increased  at 
once,  and  in  many  cases  it  reached  the  normal.  In  other  cases, 
where  larger  amounts  of  lobeline  had  been  used,  atropine  quickened 
the  heart,  but  did  not  cause  a  return  to  the  normal  rate.  Conversely,  if 
lobeline  was  applied  to  the  heart,  and  later  muscarine  was  given,  some 
slowing  from  the  latter  drug  usually  resulted,  but  in  no  case  did  it  stop 
the  heart  entirely.     The  slowing  was,  of  course,  removed  by  atropine. 

These  changes  in  the  rate  under  lobeline,  pilocarpine,  and  atropine 
are  well  shown  in  the  turtle  experiment  given  in  detail  above.  The 
heart,  which  had  been  contracting  at  the  rate  of  twenty-four  per 
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minute,  was  brought  to  a  standstill  by  pilocarpine;  lobeline  brought 
the  rate  up  to  eight  per  minute,  which  seemed  to  be  the  limit  of  its 
action,  but  atropine  caused  a  return  to  the  normal. 

These  facts  would  lead  us  to  suspect  at  least  that  lobeline  does  not 
act  on  the  vagus-terminations  as  does  atropine,  because,  if  it  para- 
lyzed them,  atropine  could  do  no  more,  and  therefore  should  not 
increase  the  rate  of  the  heart  over  what  it  was  under  lobeline.  This 
action  of  lobeline,  then,  inhibiting  or  preventing  the  muscarine  and 
pilocarpine  standstill,  I  would  ascribe  to  an  action  upon  the  heart- 
muscle  itself  changing  it  in  some  obscure  way,  so  that  these  drugs 
could  not  have  their  customary  effects  upon  it.  It  may  not  be  inap- 
propriately compared  to  that  of  physostigmine,  which  also  acts  upon 
the  heart-muscle  of  cold-blooded  animals  in  such  a  way  that  it  par- 
tially removes  the  muscarine  standstill  (Harnack). 

The  supposition  that  lobeline  acts  upon  the  sympathetic  ganglia 
on  the  course  of  the  vagi,  and  not  upon  the  extreme  terminations 
was  proved  by  the  fact  that  while  in  the  frog,  after  lobeline  had 
been  given,  stimulation  of  the  vagus  had  no  effect,  yet  stimulation  of 
the  sinus  of  the  heart  stopped  the  heart,  proving  that  the  nerve- 
terminations  were  intact. 

It  may  be  worth  while  to  mention  that  in  no  experiment  carried 
out  on  rabbits  or  cats  has  been  seen  the  great  rapidity  of  the  heart 
described  by  Ott  as  occasionally  found  just  before  death. 

The  acceleration  of  the  heart  which  occurs  in  the  second  stage 
described,  is  not  affected  by  a  previous  injection  of  atropine,  so  that  it 
must  be  due  either  to  stimulation  of  the  accelerator-nerve,  or  to 
direct  action  on  the  .muscle.  The  fact  that  it  only  occurs  after  the 
first  few  injections  (sometimes  after  only  the  first),  would  make  the 
former  explanation  more  likely ;  that  is,  that  the  accelerator  mechan- 
ism is  first  stimulated  and  then  paralyzed.  That  the  inferior  cervical 
ganglion,  from  which  the  accelerator  Bbres  arise  in  the  dog,  is  thus 
acted  on  by  the  drug  will  be  shown  later  in  the  paper. 

Lobeline  then  stimulates  the  cardio-inhibitory  centre  in  the 
medulla,  and  first  stimulates  and  then  paralyzes  the  ganglia  on  the 
course  of  the  vagi.  It  also  stimulates  and  then  paralyzes  nerve  cells 
on  the  course  of  the  cardiac  accelerator  fibres,  and  this  stimulation  is 
the  cause  of  the  increased  rate  of  heart  seen  thirty  seconds  to  a 
minute  after  the  injection  of  the  drug. 

Its  action  on  the  regulating  apparatus  of  the  heart  would  seem  to 
be  identical  with  that  of  nicotine.    In  addition,  lobeline  acts  upon  the 
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heart-muscle  of  cold-blooded  animals  ia  such  a  way  as  partially  to 
remove  or  overcome  the  action  of  such  drugs  as  muscarine  upon  that 
organ. 

Effect  on  the  Accelerator  Nerve  op  the  Heart. 

A  large  dog  was  anesthetized  with  morphine  and  chloretone,  and  a 
tracheal  cannula  having  been  inserted, artificial  respiration  was  started, 
the  chest  opened,  and  the  heart  exposed.  The  right  auricle  and 
ventricle  were  then  connected  with  a  myocardiograph.  The  inferior 
cervical  and  stellate  ganglia,  with  the  annulus,  were  dissected  out,  to- 
gether with  the  cardiac  branches  from  the  inferior  cervical  ganglion 
and  from  the  annulus.  Electrical  stimulation  of  the  various  nervous 
structures  mentioned,  brought  out  typical  accelerator  effects.  After 
five  milligrams  of  lobeline  had  been  injected  intravenously,  stimula- 
tion of  the  annulus  had  no  e^ect,  while  stimulation  of  the  cardiac 
branches  from  the  inferior  cervical  ganglion  accelerated  the  heart  tn 
the  usual  way,  Lobeline,  therefore,  paralyzes  the  accelerator  nerve  by 
acting  on  the  inferior  cervical  ganglion.  Before  the  ganglion  is 
paralyzed,  it  is  first  stimulated,  as  is  shown  by  the  exceedingly  rapid 
heart  following  the  paralysis  of  the  vagus  ganglia;  but  that  the  rapid 
heart  is  not  due  to  the  vagus  paralysis,  is  shown  by  the  fact  that  it 
also  occurs  if  the  vagi  have  been  paralyzed  by  atropine  previous  to 
the  injection  of  lobeline,  leaving  the  accelerator  nerve  and  the  heart- 
muscle  as  the  possible  seats  of  action.  It  docs  not  seem  likely  that 
it  is  due  to  direct  muscular  action,  because  the  acceleration  only  occurs 
after  the  first  one  or  two  injections  of  the  drug,  after  which,  as  has 
been  pointed  out,  ihe  inferior  cervical  ganglia  are  paralyzed. 

Langley  and  Dickinson  believe  the  acceleration  under  nicotine  is 
due  to  a  similar  action  on  the  ganglia,  but  this  is  denied  by  Wert- 
heimer,'  who  reported  acceleration  even  after  extirpation  of  both  stel- 
late ganglia,  and  therefore  believes  it  is  due  to  the  muscular  action. 
This  is  denied  by  Uixon,^  who  found  that  nicotine  caused  no  accelera- 
tion of  the  heart  after  the  ganglia  had  been  paralyzed  by  apocodeine. 

In  its  action  on  the  accelerator  nerve  of  the  heart,  lobeline  has  the 
same  effect  as  nicotine,  as  the  latter  drug  also  causes  a  primary 
stimulation  of  the  sympathetic  ganglion  on  the  course  of  these  fibres, 
followed  by  paralysis  of  the  same  structure, 

Lobeline,  however,  differs  from  apocodeine,  which  also  paralyzes  this 

'  Wertheimer  and  Colas:  Archives  de  physiologic,  1891,  xxiii,  p.  341. 
'  Dixon:  Journal  of  physiology,  [903,  xk.v,  p.  105. 
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ganglion,  but  without  any  preliminary  stimulation  (Dixon ').  More- 
over, apocodeine,  in  addition  to  acting  on  the  ganglion,  also  paralyzes 
the  extreme  terminations  of  the  accelerator  fibres  in  the  heart-mus- 
cle (Dixon).  This  efTecl,  which  is  seen  after  apocodeine  only  when 
the  drug  is  given  in  large  doses  (250  to  300  milligrams),  has  not 
been  shown  to  take  place  with  either  nicotine  or  lobeline. 

Blood- Pr  essore. 

To  localize  the  point  of  action  of  the  drug  which  resulted  in  the 
rise  of  blood-pressure,  the  following  experiments  were  carried  out. 
A  cat  was  prepared  as  heretofore,  and  in  addition  its  spinal  cord  was 
cut  across  at  the  level  of  the  fourth  cervical  vertebra.  Injections  of 
the  drug  were  followed  by  the  rise  of  pressure  as  before.  In  a 
second  animal,  the  spinal  cord  was  entirely  removed  from  the  fourth 
cervical  to  the  fourth  lumbar  vertebra,  yet  the  injections  of  lobeline 
resulted  in  a  rise,  the  same  as  before,  despite  the  severe  state  of  shock 
following  the  operation. 

These  expcrimenls  proved  beyond  all  doubt  that  the  seat  of  action 
is  not  central  or  spinal,  but  is  on  the  peripheral  vasomotor  system. 
It  was  impossible  to  ascertain  just  what  peripheral  structure  on  the 
course  of  the  vasoconstrictor  fibres  was  acted  on,  as  these  fibres 
differ  from  the  dilators  in  having  no  definite  ganglia  in  which  they 
all  end  on  sympathetic  cells,  as  the  white  rami  of  the  constrictors 
may  pass  through  several  ganglia  before  reaching  their  termination. 
Therefore,  although  I  think  there  can  be  no  doubt  that  the  drug  acts 
on  the  ganglia,  first  stimulating  and  then  paralyzing  them,  as  has 
been  shown  it  does  elsewhere,  this  view  could  not  be  proved,  as  at 
no  point  could  I  cut  the  trunk  of  the  nerve  and  be  sure  I  was  stimu- 
lating all  spinal  or  all  sympathetic  fibres. 

Nicotine  first  stimulates  and  then  paralyzes  the  peripheral  nerve 
cells  on  the  course  of  the  vasoconstrictor  and  vasodilator  nerve 
fibres,  the  total  result  being  a  primary  great  increase  of  blood- 
pressure,  caused  by  constriction  of  the  vessels  in  the  splanchnic  area, 
followed  after  three  minutes  by  a  fall  below  normal.  The  similarity 
of  the  blood -pressure  curves  obtained  under  lobeline,  and  the  fact  that 
the  cFFects  of  each  drug  are  weakened  by  the  previous  injections  of 
the  other,  indicate  a  common  seat  of  action. 


»  Dixon  :  Loc,  cif.,  p.  9 
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Vasomotor  Effects. 

Ronnberg  says  the  vessels  of  a  rabbit's  ear  are  dilated  by  lobeline 
through  paralysis  of  the  sympathetic  nerve. 

Persotial  obMrvationB.  —  For  this  work  white  rabbits,  anaesthetized 
with  paraldehyde,  were  used,  injections  of  the  lobeline  being  made 
into  the  jugular  vein,  with  the  following  results.  Immediately  after 
the  injection  of  small  doses,  the  ear  showed  a  marked  pallor,  which 
lasted  for  from  two  to  three  minutes,  when  it  began  to  get  pinker,  and 
gradually  became  markedly  flushed,  this  flush  lasting  for  ten  or 
twelve  minutes,  at  the  end  of  which  time  the  ear  had  returned  to  its 
normal  hue.  Secondary  injections,  made  some  time  after  the  first, 
gave  the  same  results  as  the  primary,  except  that  the  effects,  es- 
pecially the  pallor,  were  not  quite  as  marked  as  after  the  first. 

Extirpation  of  the  superior  cervical  ganglion  modified  the  phe- 
nomena, in  that  there  was  no  primary  pallor  in  the  ear  on  the  side 
on  which  the  ganglion  had  been  removed.  Instead,  there  was  a 
flushing,  appearing  almost  immediately  after  the  drug  was  injected, 
this  flushing  lasting  for  five  or  seven  minutes,  when  it  gradually 
passed  off.  This  flushing  is  probably  a  secondary  result  of  the  gen- 
eral constriction  of  the  vessels,  the  blood  flowing  in  greater  abun- 
dance than  usual  into  the  unconstricted  vessels  of  the  operated  ear. 
During  the  time  when  both  ears  were  flushed,  the  ear  on  the  side  on 
which  the  ganglion  was  intact  was  never  as  deeply  flushed  as  on  the 
side  on  which  the  ganglion  had  been  extirpated.  The  preliminary 
pallor  in  the  intact  ear  is  then  due  to  the  stimulation  of  the  superior 
cervical  ganglion,  which  distributes  vasoconstrictor  fibres  to  the 
vessels  near  the  base  of  the  rabbit's  ear  (Meltzer^). 

The  changes  in  the  circulation  in  the  rabbit's  ear  caused  by  nicotine 
are  almost  identical  with  those  caused  by  lobeline. 

Circulatory  Changes  m  the  Mesenteric  and  Renal  Vessels. 
To  study  the  changes  in  the  circulation  in  the  abdominal  vessels, 
the  changes  in  the  blood-content  of  the  intestine  and  in  the  volume 
of  the  kidney  were  recorded,  the  general  blood-pressure  being  taken 
from  the  carotid  at  the  same  time  in  the  usual  way ;  cats  anaesthetized 
with  morphine  and  chloretone  were  employed   in  the  experiments. 


'  Meltzer:  This  journal,  1903.  ix,  p.  57. 
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To  measure  the  changes  in  the  intestinal  vessels,  a  plethysmograph 
was  used,  made  in  plaster  of  Paris  after  a  pattern  described  by  Arthur 
Edmunds.'  The  kidney- volume  changes  were  measured  in  an  onco- 
meter, smaller  in  size,  but  resembling  in  principle  the  plethysmograph. 
Both  instruments  were  connected  with  piston-recorders  arranged  to 
write  on  a  drum  just  above  the  pointer  of  the  blood -pressure  recorder. 
The  vagi  were  paralyzed  with  atropine,  and  one  milligram  of  lobeline 
then  injected.  Both  intestinal  and  renal  levers  recorded  changes 
that  were  exactly  alike  during  the  primary  injection,  so  one  descrip- 
tion will  fit  both.  For  the  first  five  or  eight  seconds,  both  organs 
underwent  an  increase  in  size,  reaching  the  maximum  at  the  end  of 
the  time  mentioned,  which  corresponded  with  the  time  when  the 
blood -pressure  began  to  rise.  With  this  rise  in  pressure  both  curves 
showed  a  marked  decrease  in  the  volume  of  the  organs,  the  minimum 
size  being  reached  at  the  same  time  as  the  maximum  blood-pressure 
was  attained.  From  this  time,  as  the  general  blood-pressure  fell,  the 
volume  of  the  organs  increased  until  they  were  both  markedly  con- 
gested, compared  with  their  condition  before  lobeline  had  been  in- 
jected. In  subsequent  injections  in  which  at  times  larger  doses 
(five  milligrams)  were  given,  the  same  series  of  events  took  place  in 
the  intestine,  that  is,  with  a  rise  in  the  blood-pressure  was  a  lessen- 
ing of  intestinal  blood -con  ten  t ;  but  in  no  case  after  the  primary  in- 
jection did  a  diminution  in  kidney-volume  occur,  but,  on  the  other 
hand,  its  volume  increased  with  the  blood-pressure  rise. 

The  work  of  V.  Basch  and  Oser  on  nicotine  is  confirmed  by  Lang- 
ley  and  Dickinson,  who  described  a  general  constriction  of  the 
abdominal  vessels,  shown  by  the  pallor  of  the  organs;  this  pallor, 
after  lasting  one  or  two  minutes,  is  followed  by  flushing.  Neither 
observer  records  a  primary  flush  coming  on  before  the  pallor,  and  in 
this  they  agree  with  my  work  on  lobeline,  as  when  the  intestines  are 
observed  under  a  pane  of  glass  in  a  warm  salt  solution  bath  the  first 
change  noted  was  the  pallor.  However,  when  the  changes  are  re- 
corded by  a  plethysmograph,  the  primary  increase  in  volume  is  easily 
made  out. 

The  changes  in  the  general  blood-pressure  with  both  drugs  are 
therefore  due  to  similar  causes;  the  primary  fall  in  pressure,  due  to 
the  vagus  action,  succeeded  by  the  great  rise,  due  to  constriction  of 
the  vessels  controlled  by  the  splanchnics,  the  action  no  doubt  being 
caused  by  a  stimulation  and  secondary  paralysis  of  the  ganglia  on 
>  A.  Edmukds  :  Journal  of  phy.siology,  1898,  xxii,  p.  380. 


ibyGooglc 


gS  Charles  W.  Edmunds. 

the  course  of  the  nerves  mentioned.  The  renal  ganglia  being 
paralyzed  before  those  which  send  fibres  to  the  mesenteric  vessels, 
the  volume  of  the  kidney  may  not  lessen  in  injections  after  the 
primary,  while  the  intestinal  vessels  may  still  undergo  constriction. 

Effect  on  the  Eve. 
Ronnberg  found  in  cats  narrowing  of  the  pupil  caused  by  lobeline. 

Drescr  reported  in  cats,  contraction  of  the  pupil  taking  place  in 

twenty  minutes  if  the  drug  was  applied  locally,  while  he  got  dilatation 

upon  internal  administration. 

Peraonal  obaerrationB. —  In  a  rabbit  ancCsthetized  with  paraldehyde, 

T  fniin/i  aft.r  infr^vAnnijs  jnjcctions  of  ffom  thrcc  to  ten  milligrams  of 
the  pupil  occurred  at  once.  Secondary  injec- 
ad  no  effect. 

by  chloretone  and  morphine  or  by  chloretone 
:tions  of  one  milligram  gave  dilatation  of  the 
seconds,  followed  by  contraction, 
perior  cervical  ganglion  in  either  the  cats  or 
:  results  given  above,  excepting  that  the  pupil, 
the  ganglion  had  been  removed,  was  always 
m  the  intact  side,  the  dilatation  in  the  case  of 
ction  in  the  experiments  with  the  rabbits,  not 
:ome  the  original  difference  between  the  two 
ation  to  the  eye  of  the  cat,  no  change  what- 
be  obtained. 

en  injected,  stimulation  of  the  cervical  sympa- 
)r  ganglion  had  no  effect  on  the  pupil,  while 
d  prompt  dilatation,  showing  that  the  ganglion 
rug  and  that  the  extreme  terminations  were 

tn  ^  report  paralysis  of  the  endings  of  the  third 
luscles  of  the  eye  of  the  rabbit  by  nicotine. 
;  relationship  existing  between  the  action  of 
nts  were  made  to  see  if  the  same  effects  could 
but  no  such  effects  were  obtained  in  either 
respectively,  doses  of  fifteen  and  twenty-five 
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Exptriment.  To  show  the  action  oh  the  rabbit's  pupil,  November  4,  190S.  — 
White  rabbit,  3100  grams.  3.75  c.c.  paraldehyde.  Right  superior  ceivi- 
cal  ganglion  extirpated.    The  size  of  pupil  measured  with  scale. 


3.15  8  mm.  9  mm. 

3.19  3  nigm.  lobcline  into  jugular  vein. 

3.ao  6  mm.  6.5  mm. 


338 

5  mgm.  lobcline. 

3-4° 

6  mm. 

342 

6    " 

3-SS 

6.75  mm. 

7.2s  mm. 

In  general  it  may  be  said  that  the  action  of  lobeline  on  the  pupil 
resembles  that  of  nicotine,  when  the  drugs  are  given  intravenously. 
Extirpation  of  the  superior  cervical  ganglion  in  cats  is  said  to  delay, 
at  times,  the  dilatation  of  the  pupil  which  is  caused  by  mcotine.  This 
delay  of  five  or  ten  seconds  was  not  seen  under  lobeline  action. 

On  local  application  of  nicotine  to  the  eyes  of  dogs  and  cats, 
Langley  and  Dickinson  obtained  only  dilatation,  while  Grunhagen 
stated  the  drug  often  causes  no  constriction,  and  Rogow  found,  in 
cats,  once  no  change,  once  dilatation,  and  once  dilatation  followed  by 
constriction.  As  given  above,  lobeline  was  not  seen  to  have  any  effect 
on  the  cat's  pupil,  when  applied  locally. 

The  differences  between  the  actions  of  the  two  drugs  on  the  termi- 
nations of  the  third  nerve  have  been  given. 


Action  on  the  Salivary  Gland. 

A  large  dog  was  anesthetized  with  morphine  and  chloretone,  and 
the  submaxillary  duct  dissected  out,  and  a  cannula  inserted  into  it,  the 
other  end  of  the  cannula  being  connected  with  a  horizontal  tube  with 
a  scale  behind  it. 

The  lingual  nerve  was  also  exposed,  as  well  as  the  chorda  tympani, 
both  nerves  being  cut  centrally.  The  drug  was  injected  into  the 
jugular  vein. 
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Experiment.  — 

Time. 

10.05  Stimulation  of  chorda  tympani.  —  Active  secretion. 

10.08  I  mgms.  lobeline  into  jugular.  —  Secretion  began,  and  fluid 

in  tube  moved  10  cm.  and  then  slopped. 

Stimulation  of  chorda.  —  No  eflect. 

2  mgms.  lobeline.  —  No  effect. 

5  mgms.  pilocarpine.  —  Profuse  secretion. 

I  mgm.  atropine.  —  Secretion  stopped. 
10.30  5  mgms.  pilocarpine.  —  No  effecL 

This  experiment  shows  that  lobeline  first  stimulates  and  then 
le  submaxillary  ganglion,  but  has  no  effect  on  the  extreme 
s  of  the   nerves,   as  pilocarpine  later   causes   a   profuse 


Action  on  Various  Sympathetic  Ganglia. 
esting  point  encountered  in  the  work  on  lobeline  was  the 
e  with  which  the  drug  paralyzed  the  different  sympathetic 
the  body. 

ince,  in  cats  the  superior  cervical  and  the  vagus  ganglia  are 
ly  very  small  doses  (one  milligram).  Also,  in  the  same 
ganglia  on  the  constrictor  fibres  distributed  to  the  renal 
paralyzed  by  very  nearly  the  same  amounts  as  will  affect 
I  mentioned  above,  while  it  takes  a  larger  dose  to  para- 
ngWa  on  the  constrictor  fibres  which  supply  the  intestinal 
his  then  gives  a  rise  of  blood-pressure  due  to  constriction 
:nteric  vessels,  after  we  fail  to  get  narrowing  of  the  renal 
the  customary  effects  from  stimulation  of  the  peripheral 
vagus  nerve,  or  the  central  end  of  the  cervical  sympathetic, 
cats  and  dogs,  the  accelerator  action  is  present  later  than 
iry,  as  it  takes  a  larger  dose  to  paralyze  the  inferior  cervical 
lan  it  does  the  vagus  ganglion. 

paralyzes  the  ciliary  ganglion  more  easily  than  it  does  the 
rvical  ganglion  (Langley  and  Anderson). 

Tolerance. 
of  the  comparative  action  of  the  two  alkaloids,  lobeline 
e,  could  not  fail  to  impress  one  with  their  great  similarity 
elationship  as  far  as  their  pharmacological  action  is  con- 
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cerned.  For  this  reason,  it  was  thought  that  it  would  be  interesting 
to  try  and  get  tolerance  in  animals  to  each  of  the  drugs,  and  then  to 
see  if  the  tolerance  gained  by  an  animal  to  one  of  the  drugs  would 
give  it  also  tolerance  to  the  other.  Examples  of  this  tolerance  to  one 
drug,  giving  also  a  like  resistance  to  closely  related  drugs,  is  illustrated, 
as  is  well  known,  in  the  hypnotics. 

For  this  purpose  cats  of  the  same  size  were  chosen,  and  the  drugs 
in  dilute  solution  given  by  the  mouth  upon  an  empty  stomach,  nico- 
tine acid  tartrate  and  lobeline  hydrochloride  being  used.  As  a 
measure  of  the  degree  of  tolerance  attained,  the  dose  required  to  cause 
vomiting  was  most  convenient.  In  each  animal  the  minimal  emetic 
dose  of  each  drug  was  ascertained,  and  then  daily  injections  were 
made  of  doses  slightly  smaller  than  this.  The  results  obtained  were 
rather  surprising.  In  neither  animal  could  tolerance  be  obtained. 
During  the  thirty  days  the  experiment  was  carried  on,  the  doses, 
especially  that  of  nicotine,  had  to  be  lessened  every  three  or  four 
days  to  avoid  vomiting.  At  first  fifteen  milligrams  of  nicotine  acid 
tartrate  caused  no  emesis,  later  the  dose  had  to  be  reduced  to  twelve 
milligrams,  then  to  ten,  and  finally  eight  milligrams  caused  vomiting. 
Likewise,  at  first  four  milligrams  of  lobeline  caused  no  symptoms 
beyond  salivation,  but  later,  toward  the  end  of  the  month,  a  dose  of  the 
same  size  produced  marked  vomiting  every  day  it  was  given.  The 
fact  that  no  tolerance  could  be  gained  to  either  drug  is  rather  sur- 
prising, especially  so  when  the  rapid  and  easy  tolerance  gained  by 
men  to  nicotine  is  remembered.  Also  Vas '  reported  getting  toler- 
ance to  nicotine  in  rabbits,  but  as  no  vomiting  occurs  in  these  animals, 
he  did  not  have  as  good  an  index  of  the  degree  attained. 

Summary. 

In  frogs,  lobeline  causes  some  excitation,  followed  by  depression  of 
the  central  nervous  system,  with  lack  of  muscular  co-ordination,  and, 
later,  a  total  loss  of  reflexes,  and  paralysis  due  to  a  curara-like  action 
on  the  motor  terminations.  If  the  animal  recovers,  it  occasionally 
exhibits  marked  reflex  excitability. 

On  the  hearts  of  cold-blooded  animals  (frogs  and  turtles),  in  addi- 
tion to  a  nicotine-like  action,  lobeline  also  acts  on  the  heart-muscle 
directly,  and  inhibits  the  actions  of  such  a  drug  as  muscarine.     In 

'  Vas:  Archiv  fiir  experimentelle  Pathologic  und  Pharmakolt^e,  1894,  xxxiii, 
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larger  doses  the  heart-muscle  ts  depressed,  weakening  and  slowing 
the  contractions. 

In  warm-blooded  animals  (cats  and  dogs),  the  main  effects  of 
small  doses  are  due  to  the  powerful  emetic  action  of  the  drug,  most 
of  the  symptoms  being  secondary  to  the  vomiting,  which  is  due  to 
action  on  the  medulla.  In  larger  doses  muscular  twitcbings  are 
followed  by  tonic  convulsions  and  death. 

The  drug  is  a  powerful  respiratory  stimulant  in  small  doses,  and  in 
large  quantities  causes  death  by  paralyzing  the  respiratory  centre. 
Stimulation  of  the  vagus  nerve  has  no  efFect  on  the  bronchial  muscles 
after  lobeline  (Dreser), 

The  effects  of  the  drug  upon  the  rate  of  the  mammalian  heart, 
the  height  of  the  blood-pressure,  the  circulation  in  the  abdominal 
viscera  and  in  the  ear  (rabbits),  the  changes  in  the  pupil  and  the 
submaxillary  gland  may  all  l>e  explained  by  a  primary  stimulation  and 
final  paralysis  of  the  various  sympathetic  ganglia  controlling  these 
functions. 

Lobeline  paralyzes  the  superior  cervical,  the  vagus,  and  the  renal 
ganglia  more  easily  than  it  does  the  inferior  cervical  and  the 
mesenteric  ganglia. 

Tolerance  to  the  drug  could  not  be  gained  in  cats. 
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AN   EXPERIMENTAL  STUDY  OF  THE   RHYTHMIC 

ACTIVITY  OF   ISOLATED  STRIPS  OF 

THE   HEART-MUSCLE. 

Bv    E.  G.   MARTIN. 

lFn»n  tki  PhytiBlBgiial  Lataralory  of  Iht  Jehiu  Hopkias  Unhitrsily,  BalHmore.  Md.\ 

THIS  Study  was  undertaken  at  the  suggestion-  and  under  the 
direction  of  Dr.  Howell,  with  the  hope  of  throwing  some  ad-  ' 
ditional  light  upon  the  problem  of  the  interaction  of  ions,  especially 
of  sodium  and  calcium,  in  rhythmically  contractile  tissues.  ' 

Strips  from  the  apex  of  the  ventricle  were  used,  prepared  as  de- 
scribed by  Greene.'  In  many  experiments  four  strips  from  the  same 
heart  were  used.  These  were  obtained  by  cutting  the  usual  apex 
strips  crosswise  in  the  middle.  The  records  given  by  these  strips, 
though  small,  were  in  every  other  respect  comparable  with  those 
obtained  from  pieces  of  tissue  of  the  usual  size.  The  great  advan- 
tage of  this  procedure  lay  in  the  fact  that  three  controlled  experiments 
could  be  carried  on  at  once,  instead  of  one,  as  by  the  usual  method, 
hence  a  greater  range  of  comparison  was  possible.  The  distilled 
water  and  the  salts  used  in  the  experiments  were  prepared  as  de- 
scribed by  Greene.^  The  salts  used  were  the  chlorides  of  sodium, 
calcium,  and  potassium. 

Lingie^  has  stated  that  the  action  of  ions  in  initiating  spontaneous 
contractions  may  be  looked  upon  as  entirely  distinct  from  the  action 
of  these  same  ions  in  maintaining  them  after  they  have  begun.  It 
has  seemed  to  the  author  reasonable  to  suppose  that  if,  as  has  been 
suggested  by  several  observers,  spontaneous  contractions  are  the  sign 
of  a  certain  relationship  existing  among  the  ions  in  the  tissue,  then 
whenever  the  proper  relationship  is  present,  whether  naturally  or 
as  the  result  of  artificial  manipulation,  spontaneous  contractions  will 
occur,  whether  or  not  the  tissue  has  been  previously  active.    In  other 

>  Greene  :  This  journal,  1898,  ii,  p.  83. 

"  Greene  ;  Loc.  cit.,  p.  86. 

■  LiNGLE :  This  journal,  1900,  iv,  p.  270. 
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words,  whatever  condition  sufBces  to  initiate  beats  should,  if  main- 
tained, be  sufficient  to  cause  their  continuance.  In  order  to  test  this 
idea,  the  experiments  described  in  this  connection  were  carried  on. 
The  object  immediately  in  view  was  the  study  of  every  possible 
method  of  initiating  beats  in  resting  strips,  and  of  every  environ- 
ment under  which  they  continue  active  after  beats  have  commenced. 
Such  a  study  is,  of  necessity,  a  work  requiring  very  much  time  for  its 
completion,  but  some  of  the  results  thus  far  obtained  may  throw 
enough  light  on  the  problem  under  consideration  to  make  their  pres- 
entation at  this  time  worth  while. 

The  experiments  here  recorded  were  performed  during  the  year 
1903.  During  (he  winter  and  autumn  months  the  work  was  carried 
on  in  this  laboratory,  and  the  animal  studied  was  the  common  slider 
terrapin,  Pseudemys  hieroglyphica.  During  the  spring  and  summer 
the  author  worked  in  a  temporary  laboratory  established  by  himself 
in  Minnesota.  The  work  in  this  summer  laboratory  was  almost  en- 
tirely upon  the  common  mud  turtle,  Chryscmys  marginata.  A  few 
specimens  of  Chelydra  serpentina  were  also  studied.  It  should  be 
stated  at  the  outset  that  specific  differences  in  the  reactions  of  heart- 
tissue,  if  any  were  present,  were  neither  conspicuous  nor  constant 
enough  to  necessitate  differentiation  in  the  stu;ly  of  the  experiments. 
Seasonal  variations  seemed  quite  marked  in  some  instances.  These 
will  be  considered  in  their  proper  place.  What  seems  to  the  author 
to  be  the  typical  reaction  is  obtained  from  the  heart  of  an  animal  in 
winter  condition,  studied  shortly  after  it  is  removed  from  its  natural 
habitat. 

The  I.mtiai,  Standstill. 
)  Whenever  a  strip  is  cut  from  a  beating  ventricle,  it  immediately 
comes  to  rest  in  diastole.  Gaskell'  states  that  this  standstill  is  fre- 
quently only  temporary,  and  that,  after  a  longer  or  shorter  inter- 
val, the  strip  resumes  rhythmic  activity  spontaneously-  Observers 
in  recent  years  have  not  been  able  to  obtain  this  result,  except 
at  rare  intervals,  on  strips  suspended  in  air,  and  left  entirely  without 
treatment.  We  may,  therefore,  safely  conclude  that,  under  normal 
conditions,  the  isolated  ventricle  is  not  ordinarily  spontaneously 
rhythmical.  Lingle^  attributes  the  standstill  of  the  isolated  ven- 
tricular strip  to  the  mechanical  shock  of  the  operation  by  which  it 

'  Gaskeli,  :  Philosophical  transactions,  London,  1881,  p.  993. 
^  LiNULic:  This  journal,  1903,  viii,  p.  76. 
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is  prepared  for  study.  It  would  seem,  however,  that  if  mechanical 
shock  is  the  only  factor  concerned  in  the  failure  of  the  strip  to  beat, 
spontaneous  recovery  should  be  the  rule,  rather  than  the  very  rare 
exception.  An  experiment  will  be  cited  presently  in  which  a  strip, 
under  proper  conditions,  was  isolated  conipletely  without  disturbance 
of  the  continuity  of  its  rhythm,  although  suffering  as  much  mechani- 
cal violence  as  any  strip  docs  in  preparation. 

Howell  ^  has  suggested  the  view  that  the  standstill  of  the  isolated 
ventricle  is  due  to  the  presence  in  the  circulating  medium  of  some 
substance  whose  influence  upon  the  ventricle  is  inhibitory.  Accord- 
ing to  his  view,  the  potassium  ions  play  this  inhibitory  rdle.  As  is 
well  known,  the  simplest  and,  in  fact,  the  usual  method  of  inducing 
beats  in  a  strip  of  ventricle,  is  by  immersing  the  strip  in  0.7  per  cent 
sodium  chloride  solution,  in  which,  if  alive,  it  will  invariably  begin, 
sooner  or  later,  to  beat  rhythmically.  Precisely  the  same  result  will 
follow  if  the  solution  contain,  in  addition  to  sodium  chloride,  the  phys- 
iological proportion  of  calcium  chloride,  —  abouto.025  per  cent.  If, 
however,  there  be  present  in  the  solution,  in  addition  to  these,  the 
physiological  proportion  of  potassium  chloride,  about  0.03  per  cent, 
the  strip  will,  in  most  cases,  remain  quiet  indefinitely.  Permanent 
quiescence  can  be  maintained,  in  virtually  every  case,  by  increasing 
slightly  the  proportion  of  potassium  chloride  in  the  solution.  Grant- 
ing that  rhythmic  activity  depends  upon  ionic  interaction,  the  facts 
cited  above  certainly  indicate  the  correctness  of  Howell's  view.  The 
tissue  contains  sodium,  calcium,  and  potassium  ions  at  the  outset; 
the  only  one  of  these  whose  outward  diffusion  must  be  permitted,  in 
order  for  the  strip  to  become  active,  is  the  potassium.  The  question 
as  to  which  are  the  efficient  ions  in  producing  activity  and  maintain- 
ing it,  is  entirely  distinct  from  the  one  now  under  consideration,  and 
will  be  discussed  in  its  proper  place. 

Reference  was  made  above  to  an  experiment  in  which  the  mechan- 
ical violence  of  preparing  the  strip  did  not  cause  standstill.  The 
experiment  was  as  follows:  A  heart  was  removed  from  the  body  and 
the  apex  of  the  ventricle  partially  severed  by  two  cuts  parallel  with 
the  margin,  as  shown  in  Fig.  i.  The  preparation  was  then  mounted, 
as  shown  in  the  figure,  with  the  partially  severed  apex  in  connection 
with  a  recording  lever.  The  apex  beat  throughout  the  entire  process 
of  preparation  synchronously  with  the  remainder  of  the  heart,  and 
continued  to  do  so  after  suspension.  One  such  preparation  was  sus- 
'  Howell:  This  journal,  1898,  ii,  p.  79. 
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pended  in  moist  air  for  twenty  minutes,  during  which  time  the  beat 
of  the  apex  was  continuous  and  vigorous.  At  the  end  of  this  time, 
the  apex  was  isolated  by  a  cut  through  the  connecting  bridge  of 
tissue,  whereupon  it  came  promptly  to  rest,  and  remained  perfectly 
still  throughout  the  experiment,  although  the  great  mass  of  the  organ 
continued  to  beat  as  before.  A  precisely 
similar  preparation  was  suspended  for 
twenty  minutes  in  0.7  per  cent  sodium 
chloride  solution,  after  which  the  apex 
was  isolated  in  the  same  way  as  in  the 
former  instance.  In  this  case,  however, 
the  isolated  apex  did  not  come  to  rest, 
but  continued  to  beat  regularly,  with  no 
pause  save  a  momentary  one  while  the  cut 
--F  was  being  made.  The  same  amount  of 
mechanical  violence  was  inflicted  in  each 
case.  The  conclusion  to  be  drawn  from  1 
this  experiment  is  that  the  standstill  of 
the  isolated  ventricle  is  due,  not  to  mc- 
,_  chanical  violence,  but  to  some  (actor 
whose  influence  is  overcome  by  the  treat- 
ment with  the  saline  solution.  An  in- 
teresting fact  was  brought  out  by  this 
experiment,  although  bearing  upon  quite 
a  different  problem  from  the  one  under 
consideration.  The  rhythm  of  the  entire 
heart,   including   the   partially  separated 


ing  the  method  of  suspending 
a  whole  heart  with  partially 
isolated   apex  strip, 
tiie  terrapin  heart ;  B,  apex 
almost   isolated   by   ( 
and  £";  D,  ihtead  suspend- 
ing whole  heart  to  fixed  s 
port;   K,  thread  connect 
apex   with    recording   lev 

F,  glass  rod  to  which  apex     apex,  was,  in  one  experiment,  twenty-eight 
per  minute.     The  rhythm  of  the  apex  fell, 
immediately  upon  isolation,  to  seven  per 
minute,  which   rate  was  maintained  for 
"°"-  some  time.     During   the  later  stages  of 

the  experiment  the  rate  gradually  in- 
creased, although  the  original  value  was  never  regained.  Thisi 
experiment  indicates  that  a  ventricle  in  which  spontaneous  contrac- 
tions have  been  artificially  induced  has  a  rhythm  of  its  own,  which 
is  quite  independent  of  the  normal  rhythm  of  the  heart  as  a  whole. 


is  attached  at  lower  end  by  a 
thread  G.  The  whole  ar- 
ranged to  be  immersed  at 
pleasure  in  any  desired  solu- 
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The  Latent  Period, 

In  a  preceding  paragraph  the  idea  was  advanced  that  the  isolated 
ventricular  strip  remains  at  a  standstill  for  the  reason  that  it  is  not, 
under  the  conditions  of  normal  life,  spontaneously  rhythmic.  It  is 
the  purpose  of  this  section  to  describe  the  various  artificial  conditions 
under  which  rhythmic  contractions  may  occur. 

fiodinm  ohlorlde  solntioa.  — -  The  first  method  of  inducing  beats  has 
already  been  mentioned.  It  consists  of  immersing  the  strip  in  0.7 
per  cent  sodium  chloride  solution.  A  strip  in  this  solution  exhibits 
a  period  of  standstill  before  the  onset  of  activity.  This  latent  period 
is  of  variable  length ;  its  average  duration,  for  eighty-five  observations 
made  by  the  author  throughout  the  year,  was  forty  minutes.  There 
appears  to  be  a  distinct  seasonal  variation  in  this  respect.  The  aver- 
age latent  period  for  fifty-one  observations  taken  during  the  months 
of  November,  December,  January,  and  February  was  fifty  minutes, 
while  for  thirty-one  observations  during  the  months  of  May,  June, 
August,  and  September  the  average  latent  period  was  twenty-seven 
minutes.  This  variation  is  probably  associated  with  the  difference  of 
temperature  of  the  two  seasons,  although  observations  which  will  be 
reported  presently  indicate  that  there  is  also  a  definite  difference  in  ■ 
the  condition  of  the  tissue,  to  which  this  difference  in  the  latent 
period  may  be  referred.  The  extreme  range  of  duration  of  the  latent 
period  was  between  five  and  one  hundred  and  thirty-six  minutes. 
Instances  of  such  wide  departure  from  the  average  are  decidedly  in 
the  minority,  seventy-five  per  cent  of  all  observations  falling  reason- 
ably near  the  average  value. 

Prellmlnaiy  bath  containing  calcium.  —  If  a  frcsh  strip  be  placed  for 
a  short  time  (three  to  five  minutes)  in  a  solution  containing  0.7  per 
cent  sodium  chloride  and  0.025  per  cent  calcium  chloride,  and  be  then 
transferred  to  a  solution  of  0.7  per  cent  sodium  chloride  alone,  the 
duration  of  the  latent  period  is  very  much  less  than  that  shown  by 
strips  placed  directly  in  0.7  per  cent  sodium  chloride  without  the 
preliminary  treatment  with  the  calcium-containing  solution.  This 
result  was  constant  during  the  winter  months,  and  is  so  marked  that 
it  cannot  be  regarded  as  accidental.  Table  I  gives  the  results  of 
fourteen  observations  of  this  fact.  The  averages  from  the  table  are 
as  follows:  for  those  strips  which  were  treated  with  the  solution 
containing  calcium  chloride,  the  average  latent  period  was  eight 
minutes,  while  for  the   control   strips,  which    did  not    receive   this 
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treatment,  but  were  placed  directly  in  0.7  per  cent  sodium  chloride, 
the  average  latent  period  was  thirty-nine  minutes.  That  this  effect 
is  due  to  the  calcium  of  the  preliminary  solution,  is  made  clear  by 


n  conuining  0.025  per  cent  calcium 
ateiit  peiitxl  of  fresh  strips  in  0.7  per 


EfFect  of  a  brief  preliminar 

1  balh  of  a 

hloride.  and  0.7  pet  cent  sodiu 

m  chloride 

cut  sodium  chloride. 

13. 
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in0.7%NaCl. 

Latent 

Date  of 
1903. 

Latent  period 

of  coKlrol 
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Feb.  18 

»>«M. 

6.5 
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28 
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Mar.    2 

24 

13.0 

29 
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5.0 
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21 

10.0 
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42 

10.0 

3 

51 
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:t  of  a  brief  preliminary  bath  of  0.025  per  cent  calcium  chloride  in  sugar  solut 
itent  period  of  fresh  strips  in  0.7  per  cent  sodium  chloride. 


Date  of  observation. 
1903.               1 

Later 
control 

u0.7%NaCl. 

Latent  period  o( 
test  strip. 

Jan.   24 

UUb 

6.0 

"     26 

56 

5.0 

"     ^             j 

9..5 

Dec.  IS             1 

50 

15.0 

■'      17 

70 

10.0 

iservations  recorded  in  Table  II,  in  which  exactly  the  same 
tion  of  calcium  was  used  as  in  the  former  series  of  observations, 
;  solution  was  made  isotonic  with  the  serum  by  means  of  cane 
instead  of  sodium  chloride.     The  average  latent  period  of  the 
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calcium -treated  strips  in  this  series  of  five  observations  was  nine 
minutes,  the  control  strips  had  an  average  latent  period  of  fifty-nine 
minutes.  Greene '  observed  a  similar  shortening  of  the  latent  period 
when  a  strong  solution  of  calcium  chloride  in  distilled  water  was 
used  as  a  preliminary  bath,  followed  by  0.7  per  cent  sodium  chloride 
solution.     Table  III  shows  that  the  presence  of  potassium  in  small 


Effect  of  a  biief  preliminar)'  bath  of 
fresh  iltipa  in  0.7  per  cent  NaCl. 


TABLE   III. 

Ringer's  solul 


Dale  o[  observalion, 
1903, 

Lalcnl  period  of 
control  in  0-7  %NaCI. 

Lalent  pefiod  of 
lesl  strip. 

Jan.    7 

Umu. 

5.0 

■'      14 

S.O 

'■      15 

30 

■'     20 

S.5 

'■     21 

22.S 

7.S 

■'     22 

60.0 

8.0 

Feb.    4 

3.0 

Dec.  21 

60.0 

100 

amounts  in  the  preliminary  solution  does  not  interfere  with  the 
action  of  the  calcium.  The  modification  of  Ringer's  solution  de- 
scribed by  Howell  ^  was  used  as  the  preliminary  bath  in  this  series 
of  experiments.  The  average  latent  period  of  the  calcium-treated 
strips  in  this  series  of  eight  observations  was  six  minutes.  The 
earlier  observations  of  this  series  were  not  controlled;  the  average 
latent  period  of  the  three  controls  which  were  made  later,  was  forty- 
seven  minutes.  Several  experiments  were  performed  in  which  small 
proportions  of  potassium  chloride,  from  0.03  per  cent  to  0.04  per 
cent  were  used  with  0.7  per  cent  sodium  chloride  in  the  preliminary 
bath.  The  presence  of  the  potassium  compound  did  not  tend  to  pro- 
duce any  shortening  of  the  latent  period,  so  far  as  could  be  deter- 
mined from  the  few  tests  that  were  made.  If  all  the  observations 
of  the  effect  of  physiological  proportions  of  calcium  chloride  in  the 

'  Gkeene:  Loc.cii.^.  101. 

*  Howell:  This  journal,  1898,  ii,  p.  S3- 
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preliminary  bath  be  grouped  together,  the  following  values  are  ob- 
tained :  twenty-seven  calcium-treated  strips  showed  an  average  latent 
period  of  7.5  minutes.  Their  controls,  which  had  precisely  similar 
treatment,  except  that  they  had  not  the  preliminary  immersion  in  a 
calcium-containing  solution,  showed  an  average  latent  period  of  forty- 
four  minutes.  These  observations  seem  to  establish  the  fact  that 
calcium,  under  the  conditions  quoted,  has  the  power  to  induce  con- 
tractions in  freshly  isolated  ventricular  strips,  immersed  in  0.7  per 
cent  sodium  chloride  solution,  much  more  promptly  than  sodium 
chloride  used  alone. 

A  number  of  observations,  twenty-seven  in  all,  were  made  in  re- 
gard to  the  effect  of  larger  proportions  of  calcium  chloride  in  the 
preliminary  bath.  Solutions  were  used  in  which  the  proportion  of 
calcium  chloride  ranged  from  twice  to  four  times  the  physiological, 
i.  e.,  from  0.05  per  cent  to  0.1  per  cent.  In  these  experiments  the 
calcium  chloride,  in  eleven  cases,  caused  distinct  shortening  of  the 
latent  period,  while  in  sixteen  experiments  this  was  either  distinctly 
lengthened,  or  was  only  slightly  influenced.  The  results  of  this 
series  of  experiments  are  given  in  Table  IV.  A  careful  study  of  this  ■ 
table  brings  out  a  striking  fact,  which  can  be  made  clear  by  a  state- 
ment of  the  average  values  of  the  different  sets  of  latent  periods. 
For  the  eleven  cases  in  which  the  large  dose  of  calcium  shortened 
the  latent  period,  its  average  duration  was  fifteen  minutes;  the 
average  latent  period  for  the  eleven  controls  was  thirty-eight  minutes. 
For  the  sixteen  cases  in  which  calcium  delayed  the  onset  of  activity, 
the  average  latent  period  was  thirty-six  minutes;  the  sixteen  con- 
trols for  these,  however,  showed  an  average  latent  period  of  only 
twenty-two  minutes.  With  the  exception  of  three  observations,  all 
those  in  which  the  large  proportion  of  calcium  chloride  delayed  the 
onset  of  activity  were  made  during  the  summer  months,  when,  as 
was  noted  above,  the  latent  period  of  fresh  strips  in  0.7  per  cent 
sodium  chloride  was  considerably  shorter  than  in  cold  weather.  The 
point  upon  which  It  is  particuIaHy  desired  to  lay  stress  is  this.  The 
shortening  of  the  latent  period  in  sodium  chloride  observed  during  warm 
weather  depends  upon  the  same  condition  of  the  tissue  as  does  the  delayed 
activity  which  calcium  sometimes  causes.  A  study  of  the  average 
periods  of  the  author's  summer  experiments  makes  this  fact 
nt.  Of  the  thirty-one  observations  of  the  latent  period  made 
warm  weather,  thirteen  showed  an  inhibitory  action  on  the 
calcium,  eleven  showed  the  opposite  effect,  while  the  point 
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TABLE   IV. 
Effect  of  large  doses  of  calcium  chloride  in  Ihe  preliminary  bath,  on  the  Ulenl  period 
of  fresh  strips  in  0.7  per  cent  NaCl. 


Date  of  observation. 
1903. 

Composition  of 
solution. 

Latent  period 
of  control  in 
0.7%  NaCl. 

Latent  period 
test^strip. 

Aug.   29 

0.0S  %  CaClj  and  0.7  %  NiCl. 

65 

17 

Sept.     3 

"        

25 

6 

Dec.    17 

■'        

45 

10 

'■       19 

'    "          •■ 

25 

8 

May      6 

ao6      • 

62 

29 

•'       21 

■  "       " 

22 

7 

June      4 

"      '■  "       " 

21 

14 

May      7 

oon 

30 

13 

8 



58 

26 

Aug.    ZO 

' " 

36 

17 

27 

*'    "  " 

36 

16 

May    15 

004%     "       •'    " 

S 

10 

Aug.      5 

'     " 

10 

14 

••       11 

" 

23 

22 

"       19 

aos%    "     ■'  " 

10 

24 

"       31 



40 

35 

Sept.     S 



28 

37 

■'         7 

" 

13 

16 

"        ^^ 

"     "  •'      " 

5 

10 

"        12 

"     "  "      " 

11 

27 

Nov.   28 

*•     ■'  "      " 

70 

92 

Dec.     4 

*■     "  ■•      " 

35 

50 

"       10 

■'     "  ■'      •' 

45 

75 

May    23 

0.06% 

13 

70 

■'        26 

35 

80 

Aug.    10 

0.01%     "       •'    "         " 

8 

10 

Sept.     2 

*    '•         " 

4 

11 
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was  not  determined  for  the  remai 
period  for  the  control  strips  in  sodi 
test  strips  showed  calcium  inhibit! 


ining  seven.    The  average  latent 

chloride,  of  the  thirteen  whose 

ion,  was  sixteen  minutes,  while  for 


the  remaining  eighteen,  the  average  latent  period  was  thirty-five 
minutes.  '  The  possible  significance  of  these  facts  will  be  discussed 
in  a  later  paragraph. 

The  facts  presented  above  may  be  summarized  in  the  following 
statement  of  the  effect  of  a  preliminary  bath  of  calcium  chloride  on 
fresh  ventricular  strips.  This  substance  in  physiological  proportion 
applied  to  a  strip  for  a  short  time  diminishes  markedly  the  latent 
period  of  the  strip  in  0.7  per  cent  sodium  chloride.  In  twice  the 
physiological  proportion  or  more,  calcium  chloride  may  have  the 
same  effect  as  in  physiological  concentration  upon  strips  whose  con- 
dition is  typical,  but  upon  strips  in  an  atypical  condition,  as  indicated 
by  a  marked  shortening  of  the  normal  latent  period  in  0.7  per  cent 
sodium  chloride,  such  concentrations  of  calcium  chloride  are  likely  to 
exert  a  distinctly  inhibitory  influence. 

Continued  sppUoatlon  of  oaloinm-oontMlnlng  aolntloiu.  —  The  effects 
of  calcium  which  have  been  thus  far  described  were  all  obtained  by 
treating  strips  for  a  short  time  with  a  solution  containing  calcium 
ions,  and  then  transferring  them  to  a  solution  of  0.7  per  cent  sodium 
chloride  in  which  there  were  no  calcium  ions  except  those  that  might 
have  been  carried  over  on  the  tissue.  That  the  elTects  observed 
were  due  to  the  brief  contact  with  the  calcium>containing  solution, 
rather  than  to  the  calcium  ions  which  were  carried  over  when  the 
strip  was  transferred  to  the  pure  sodium  chloride  solution,  was  shown 
by  the  fact  that  thorough  rinsing  with  several  changes  of  saline  solu- 
tion, or,  for  that  matter,  immersing  the  strip  in  a  flowing  stream  of 
0-7  per  cent  sodium  chloride  solution,  did  not  change  the  eflTcct  of 
the  previous  application  of  calcium  chloride. 

A  few  experiments,  ten  in  all,  were  performed  in  order  to  see 
whether  the  calcium  effect  would  be  the  same  when  the  strip  was 
immersed  in  a  solution  containing  both  sodium  and  calcium  chlorides, 
and  left  there  till  beats  began.  Concentrations  of  calcium  chloride 
ranging  from  the  physiological,  00.25  V^^  cent,  to  three  times  that 
amount,  were  used.  The  results  were  very  conflicting.  In  four 
experiments  the  presence  of  calcium  was  without  effect  on  the  latent 
period ;  in  four  the  latent  period  was  distinctly  lengthened ;  and  in  the 
two  remaining  experiments  the  latent  period  was  markedly  shortened. 
Two  of  the  experiments  in  which  calcium  had  no  efTect  on  the  latent 
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period  were  performed  in  the  month  of  May;  all  the  others  of  this 
series  were  carried  on  in  November  and  December.  It  seems  scarcely 
reasonable  to  suppose  that  the  eflfect  of  a  brief  preliminary  bath  of  a 
calcium-containing  solution  should  be  markedly  different  from  that  of 
the  same  solution  applied  for  a  longer  time;  therefore  a  more 
exhaustive  study  of  this  latter  point  is  desirable. 

BClJt»d  aolutloiw  of  ■odium  chloride  *nd  osd«  ausair.  —  Lingle '  has 
shown  that  heart  strips  may  beat  spontaneously  in  mixtures  of  0.7 
per  cent  sodium  chloride  and  isotonic  cane  sugar  solution  in  which 
the  dilution  of  the  sodium  chloride  is  very  considerable.  The  author 
studied  the  latent  period  of  strips  in  such  solutions.  In  the  paper 
just  referred  to,  Lingle'  notes  the  fact  that  the  latent  period  in  such 
dilute  solutions  is  longer  than  in  physiological  salt  solution. 

Two  dilutions  of  sodium  chloride  with  sugar  solution  were  studied 
by  the  author.  In  one  the  proportion  was  10  c.c.  0.7  per  cent  sodium 
chloride  to  1 5  c.c.  isotonic  sugar  solution ;  in  the  other  the  proportion 
was  5  c.c.  0.7  per  cent  sodium  chloride  to  20  c.c.  of  the  sugar  solu- 
tion. There  were  no  differences  between  the  latent  periods  of  these 
two  sets  of  observations  that  might  not  fall  within  the  range  of 
individual  variation;  therefore  the  entire  group  is  studied  together. 
The  average  latent  period  of  the  control  strips  in  0.7  per  cent  sodium 
chloride,  for  the  entire  series  of  fourteen  observations,  was  fifty-seven 
minutes.  The  average  latent  period  of  the  strips  bathed  in  solutions 
of  sodium  chloride  diluted  with  sugar  was  one  hundred  and  seventy 
minutes.  It  should  be  noted  in  passing  that  occasionally  a  strip  of 
ventricle  is  observed  which  remains  quiet  indefinitely  in  a  solution  in 
which  the  proportion  of  sodium  chloride  is  much  below  the  physio- 
logical. This  occurs  more  frequently,  as  Lingle  points  out,  the  more 
the  sodium  chloride  is  diluted. 

Lode  aspaiatioi]  from  the  body.  —  A  number  of  observers  have 
called  attention  to  the  fact  that  perfeclly  fresh  heart-tissue  is  more 
resistant  to  interchanges  among  its  salts  than  the  same  tissue  is  after  , 
it  has  been   separated  from  its  normal  connections  for  some  time.  ' 
This  observation  is  corroborated  by  the  results  of  two  series  of  experi- 
ments performed  by  the  author.     The  first  series  consisted  in  prepar- 
ing strips   according   to  the   usual   method,   and   suspending  them 
directly  in  moist  air.     After  hanging  thus  for  some  time,  each  strip 
was  immersed  in  0.7  per  cent  sodium  chloride  and  the  latent  period 
'  Lingle;  This  journal,  1902,  viii,  p.  91. 
'  Lingle  :  Loc.  cit.  p.  91 . 
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in  the  solution  under  this  condition  was  compared  with  that  of  a  per- 
fectly fresh  strip  in  the  same  solution.  The  average  values  for  twelve 
experiments,  in  which  the  time  of  suspension  in  the  moist  chamber 
ranged  from  one-half  to  four  and  one-half  hours,  are  as  follows :  the 
latent  period  of  the  control  strips,  placed  directly  upon  isolation  into  ' 
0.7  per  cent  sodium  chloride,  averaged  forty-eight  minutes ;  the  latent 
period  of  the  test  strips,  transferred  to  0.7  per  cent  sodium  chloride  after 
long  suspension  in  moist  air,  averaged  fourteen  minutes.  In  the  second 
series  the  fresh  strips  were  placed  in  solutions  containing  0.7  per 
cent  sodium  chloride  together  with  0.04  per  cent  potassium  chloride. 
This  proportion  of  potassium  chloride  is  one-fourth  larger  than  the 
physiological,  reckoning  the  latter  to  be  that  used  in  Ringer's  solution, 
and  usually  suffices  to  prevent  spontaneous  contractions  indefinitely. 
After  immersion  in  this  solution  from  one  to  three  hours,  the  strips 
were  transferred  to  0.7  per  cent  sodium  chloride,  and  the  latent  period 
after  transfer  compared  with  that  of  perfectly  fresh  strips  as  before. ' 
The  results  for  this  series  of  four  experiments  are  these :  the  latent 
period  of  the  strips  transferred  from  the  potassium-containing  solution 
to  that  of  sodium  chloride  alone,  averaged  in  the  latter  solution 
twelve  minutes.  The  controls  showed  an  average  latent  period  of 
fifty-five  minutes.  In  every  case  the  test  strip  was  left  in  the 
potassium-containing  solution  for  some  time  after  its  companion  strip 
in  pure  sodium  chloride  had  commenced  to  beat.  In  no  case  was 
there  any  sign  of  activity  in  the  strip,  so  long  as  it  remained  in  the 
solution  containing  potassium  chloride,  although  it  began  to  beat 
soon  after  transfer  to  a  solution  of  sodium  chloride  without  potassium 
ions  in  it.  These  facts  certainly  indicate  that  potassium  exerts  an 
inhibitory  influence  upon  the  tissue,  which  is  removed  by  allowing 
diffusion  of  potassium  to  take  place.  If,  as  Howell  has  suggested, 
the  only  factor  concerned  in  the  normal  latent  period  of  fresh  strips 
in  sodium  chloride  is  the  presence  of  excess  of  potassium  in  the 
tissue,  these  experiments  also  show  that  diffusion  is  less  rapid  in 
fresh  strips  than  in  those  isolated  for  some  time. 

Solution  of  angBr  Uotonlc  wltb  tba  blood.  —  Lingle  '  states  that 
Strips  which  have  been  suspended  in  a  solution  of  cane  sugar,  isotonic 
with  the  blood,  for  some  time,  frequently  begin  to  beat  very  promptly 
upon  removal  to  a  solution  of  0.7  per  cent  sodium  chloride.  The 
author  has  been  unable  to  obtain  this  result  from  strips  which  were 
placed  in  the  sugar  solution  immediately  upon  isolation,  and  kept 
'  L1NGL.E:  This  journal,  1900,  iv,  p.  270. 
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there  one  hour  or  more.  Such  strips  have  invariably  gone  into  a 
condition  of  strong  tone,  and  the  first  effect  of  removal  to  a  salt  solu 
tion  has  always  been  a  prompt  and  marked  fall  of  tone,  followed 
ultimately,  but  only  after  a  number  of  minutes,  in  one  case  one  hour, 
by  spontaneous  contractions.  It  should  be  stated,  however,  that  if 
the  sugar  solution  contained  a  small  proportion  of  sodium  chloride, 
not  enough  to  bring  about  activity  itself,  transfer  to  0.7  per  cent 
sodium  chloride  was  usually  followed  by  contractions  very  promptly 
indeed;  unless  the  strip  had  been  too  long  in  the  sugar  solution,  in 
which  event  no  contractions  resulted  from  the  application  of  the 
sodium  chloride. 

Orguilo  oalclam-ooutalniug;  solutloDs.  inoladinE  blood,  —  In  connec- 
tion with  the  study  of  the  influence  of  calcium  in  shortening  the 


Effecl  of  a  brief  preliminary  bath  of  terrapin  si 
strip  of  terrapin  Yentricle  in  0.7  per  cert  NaCl. 


n  upon  the  latent  peiiod  of  a  fresh 


Date  of  observation. 

1903. 

Latent  period  of 
control  in  a7%NaCI. 

Latent  period  of 

Feb.    3 

70 

15.0 

"        4 

4i 

"      ZO 

27 

U.0 

"      28 

35 

15.0 

Sept,    3 

Z6 

5.0 

latent  period  of  fresh  strips  in  0.7  per  cent  sodium  chloride  solution, 
a  point  of  considerable  interest  was  observed  which  should  be  re- 
corded in  this  connection.  After  the  efiect  of  calcium  in  inorganic 
combination,  as  represented  by  calcium  chloride,  had  been  satisfac- 
torily determined,  the  question  arose  as  to  whether  calcium  in  organic 
combination  would  have  the  same  effect.  Milk  and  solutions  of  cal- 
cium gtycero-phosphate  in  sodium  chloride  solution  were  tried  and 
found  to  produce  a  definite  shortening  of  the  latent  period.  But  the 
serum  of  the  turtle  contains  calcium  in  organic  or  inorganic  combina- 
tion, and  ought,  therefore,  to  behave  in  this  respect  like  other  cal- 
cium-containing solutions.  Serum  was  obtained  by  defibrinating  the 
blood  of  a  terrapin,  and  allowing  the  corpuscles  to  settle.  A  fresh 
strip  was  given  a  preliminary  bath  for  three  minutes  tn  twelve  cubic 
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centimetres  of  this  serum.  The  results  of  these  experiments  are 
given  in  Table  V.  The  average  latent  period  for  the  control  strips 
was  forty  minutes ;  for  the  test  strips,  ten  minutes.  In  a  single 
instance  the  fresh  blood  was  left  at  a  low  temperature  for  twenty- 
four  hours,  and  the  clear,  unclotted  plasma  thus  obtained  was  tested. 
During  the  three  minutes  that  this  plasma  was  about  the  strip,  clot- 
ting began  in  it.  It  reduced  the  latent  period  of  the  test  strip  to 
thirteen  minutes,  while  the  control  strip  had  a  latent  period  of  thirty- 
four  minutes.  Fresh  blood  itself  was  drawn,  and  used  immediately 
as  a  preliminary  bath  about  the  fresh  strip.     Frequently  it  could  be 


Effect  of  a  brief  preliminary  bath  of  fresh  terrapin  blood  upon  the  latent  period  of  a 
fresh  strip  of  terrapin  ventricle  in  07  per  cert  NaCl. 


Date  of  observation. 

1903. 

Latent  period  of 
control  in  0.7%NaC1. 

Latent  period  of 
lest  strip. 

Part  1.— Blood  dotted  on  the  strip. 

Feb.   11 
"     21 

26 

30 
35 

16 
15 
10 

Part  Z.— Blood  did  not  clot  on  the  strip. 

Feb.     9 
"     11 

"    n 

4S 
40 
41 

72 
39 
56 

kept  about  the  strip  for  three  minutes,  and  then  be  withdrawn  with- 
out clotting.  In  every  case  in  which  this  was  done,  and  the  blood 
adhering  to  the  strip  was  removed  with  care  by  thorough  rinsing,  no 
shortening  of  the  latent  period  was  observed.  On  the  other  hand,  if 
the  blood  were  allowed  to  clot  about  the  strip  before  being  removed, 
the  latent  period  was  shortened  in  the  same  way  as  when  serum  was 
used.  The  experiments  with  blood  are  recorded  in  Table  VI.  The 
average  latent  period  for  nine  observations  with  serum,  clotted  plasma, 
and  clotted  blood  was,  for  the  test  strips,  twelve  minutes,  and  for  the 
controls,  thirty-six  minutes.     These  experiments  indicate  clearly  that 
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the  calcium  in  the  normal  uncoagulated  blood  is  in  a  condition  dif- 
ferent from  that  in  which  it  exists  in  the  serum  after  coagulation. 
In  the  latter  state  it  behaves,  so  far  as  the  relationship  that  we  are 
now  studying  is  concerned,  like  the  aqueous  solution  of  a  calcium 
salt,  and  it  is  possible,  therefore,  that  the  difference  here  pointed  out 
between  the  calcium  of  the  fresh  plasma  and  of  the  serum  may  be 
connected  with  the  degree  of  ionization  that  it  undergoes  in  the  two 
conditions. 

SnimiuuT  of  tb«  Importaat  condlUoua  affectiiig  tb«  l«t«nt  pMiod. —  . 
1.  A  mixture  of  0.7  per  cent  sodium  chloride  with  the  proper  propor- 
tion of  calcium  chloride,  followed  in  a  few  minutes  by  0.7  per  cent 
sodium  chloride  alone,  induces  spontaneous  beats  in  a  freshly  iso- 
lated ventricular  strip  more  promptly  than  any  other  means  now 
known;  the  average  time  is  about  ten  minutes. 

2.  Spontaneous  beats  begin  in  a  fresh  strip  in  0.7  per  cent  sodium 
chloride  after  a  latent  period  four  to  Rve  times  as  long  as  in  Case  i. 

3.  Spontaneous  beats  begin  in  a  fresh  strip  in  sodium  chloride 
diluted  with  isotonic  sugar  solution  after  a  latent  period  three  times, 
as  long  as  in  Case  2. 

4.  Under  certain  conditions  of  the  tissue,  the  latent  period  of 
fresh  strips  in  0.7  per  cent  sodium  chloride  solution  is  less  than  half 
the  normal.  Under  these  same  conditions  calcium,  in  slightly  ex- 
cessive doses,  may  exert  an  inhibitory  rather  than  an  accelerating 
influence. 

5.  The  calcium-content  of  normal,  uncoagulated  plasma  is  in  such 
a  form  that  it  does  not  exert  the  stimulating  influence  of  inorganic 
calcium  salts  in  solution  upon  freshly  isolated  ventricular  strips,  but 
during  the  process  of  clotting  the  calcium  of  the  serum  becomes 
eflicient  in  this  respect. 


The  Reactions  of  Strips  in  0.7  per  cent  Sodium  Chloride 
Solution. 

The  first  effect  of  placing  a  freshly  prepared  ventricular  strip  in 
0.7  per  cent  sodium  chloride  is  a  marked  loss  of  tone.  At  the  out- 
set this  is  probably  merely  the  normal  relaxation  from  the  condition 
of  excessive  tone  into  which  the  process  of  preparation  has  thrown 
the  tissue.  This  large  initial  fall  is  succeeded  by  a  gradual  but  con- 
tinuous fall  which  continues  till  the  death  of  the  strip,  if  it  be  left 
in  the  sodium  chloride  solution  that  long. 
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Spontaneous  beats  begin  in  the  strip  after  a  latent  period  which 
has  been  sufficiently  described  in  preceding  paragraphs.  The  series 
in  o.^  per  cent  sodium  chloride  has  a  perfectly  characteristic  form, 
which  has  been  fully  described  by  Greene.'  In  brief  it  is  as  follows  : 
The  contractions  may  or  may  not  show  a  distinct  "  Treppe,"  but  after 
the  maximum  height  is  reached  there  is  invariably  a  gradual  contin- 
uous decline  in  the  extent  of  contraction,  terminating  in  a  condition  of 
practical  standstill,  which  is  known  commonly  as  sodium  chloride  ex- 
haustion. The  duration  of  the  series  in  07  per  cent  sodium  chloride 
shows  wide  variation.  In  the  author's  experiments  it  ranged  from 
one-half  hour  to  four  hours;  the  average  duration  for  sixty-eight 
observations  was  one  hour,  fifty  minutes.  In  determining  the  length 
of  these  series,  the  strip  was  considered  at  rest  when  its  actual  short- 
ening was  less  than  o.t  mm.  Undoubtedly  minute  contractions  con- 
tinued for  some  time  after  that  point  was  reached,  which  would  make 
the  average  given  above  too  small ;  for  the  purpose  of  this  study, 
however,  the  figure  given  is  sufficiently  accurate.  The  Atent  of 
shortening  of  a  strip  in  0.7  per  cent  sodium  chloride  corresponds,  at 
its  maximum,  about  with  that  shown  by  fresh  strips  in  air  when  stim- 
ulated electrically.  It  is  by  no  means  the  utmost  which  the  strip  can 
be  made  to  show  under  proper  conditions. 

As  has  been  proved  repeatedly,  complete  sodium  chloride  exhaus- 
tion does  not  imply  that  the  tissue  has  suffered  permanent  injury, 
inasmuch  as  it  may  be  revived  by  suitable  means,  and  kept  in  vigor- 
ous activity  for  many  hours.  Continued  exposure  to  the  sodium 
chloride  solution,  after  the  exhaustion  has  become  complete,  does 
result,  however,  in  the  death  of  the  tissue  in  a  comparatively  short 
time.  Three  distinct  methods  of  restoring  the  activity  of  a  strip 
which  has  come  to  rest  in  0.7  per  cent  sodium  chloride  are  known 
to  the  author.^  These  are  :  (i)  the  addition  of  a  small  proportion  of 
calcium  chloride  to  the  solution  in  which  exhaustion  has  taken  place 
(the  concentration  of  calcium  chloride  usually  employed  varies  be- 
tween 0.025  per  cent  and  o.o;  per  cent) ;  (2)  the  transfer  of  the 
strip  to  an  isotonic  cane  sugar,  or  similar  "  indifferent,"  solution; 
(3)  removal  of  the  strip  to  a  moist  air  chamber. 

The  manner  of  recovery  by  each  of  these  methods  is  quite  charac- 
teristic of  the  method,  and  the  variation  undoubtedly  depends  upon 
the  different  changes  which  are  brought  about  in  the  tissue  as  the 

•  Greene:  Loc.  cil ,  p.  91  et itg. 

*  Howell:  Li>c.  cil.,  pp.  185,  189;  Likgle:  This  journal,  1903,  viii,  p.  83. 
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result  of  the  difFerent  environments,  ail  leading  to  the  same  result, 
i.  e.,  renewed  vigor  of  contraction.  The,  effect  of  adding  calcium 
chloride  to  the  solution  of  0.7  per  cent  sodium  chlonUe,  in  which  the 
strip  has  come  to  rest,  is  a  very  prompt  and  ^aNted  increase  of 
vigor.  The  strip  usually  shc^  an  increased  Seat  in  the  very  first 
contraction  it  makes  after  the  addition  of  the  calcium  chloride,  while 
within  a  half-dozen  contractions  the  size  of  the  beat  will  be  consider- 
able; sometimes  nearly  as  great  as  at  the  beginning  of  the  sodium 
chloride  series.  There  is  usually  a  prompt  rise  in  tone  as  the  result 
of  the  addition  of  calcium  chloride;  where  the  amount  of  the  calcium 
salt  is  relatively  large,  this  tonic  shortening  may  be  considerable. 
When  a  strip,  exhausted  in  sodium  chloride,  is  transferred  to  an 
isotonic  sugar  solution,  the  effect  is  more  gradual,^ftfaough  it  usually 
begins  to  develop  within  a  short  time  after  the  application  of  the 
sugar  solution.  The  increase  in  beat  is  slow  but  continuous,  reach- 
ing its  maximum  about  one  half-hour  after  the  first  indication  is 
given.  Sometimes  there  is  a  slight  rise  of  tone  in  the  sugar  solution, 
but  not  usually.  The  reviving  effect  of  placing  the  exhausted  strip 
in  a  moist  chamber  becomes  apparent  after  a  much  longer  interval 
than  by  either  of  the  other  methods  described.  In  only  one  of  the 
author's  experiments  could  any  change  be  detected  in  less  than  ten 
minutes,  while  in  several  instances  an  hour  elapsed  before  the  least 
increase  in  vigor  could  be  seen.  Once  established,  however,  the 
increase  in  beat  is  continuous  till  the  maximum  is  reached.  This 
may  be  in  from  two  and  one-half  to  ten  hours ;  the  average  of  fifteen 
observations  was  about  five  hours.  The  ultimate  vigor  attained  by 
strips,  revived  in  moist  chambers,  usually  equals  the  maximum  ex- 
hibited by  them  in  0.7  per  cent  sodium  chloride,  and  frequently 
exceeds  that  value. 

The  revival  brought  about  by  the  addition  of  calcium  chloride  to 
the  exhausting  solution  must  be  considered  as  due  directly  to  the 
presence  of  calcium,  since  in  no  other  respect  has  the  solution  been 
altered.  The  amount  of  calcium  chloride  which  must  be  added  to 
produce  revival  is  too  small  to  cause  any  measurable  change  in  the 
osmotic  relations  of  the  solution,  or  in  the  proportion  of  chlorine 
ions  in  it.  The  revival  which  results  from  placing  the  strip  in  sugar 
solution  may  be  explained  as  a  direct  effect  of  the  sugar,  or  else  as 
due  to  the  diffusion  of  all  salts,  sodium  chloride  with  the  rest,  out  of 
the  tissue.  Sugar,  as  a  non-electrolyte,  is  generally  considered  to  be  ' 
without  specific  action  of  the  sort  under  discussion.     If  this  assump- 
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tion  be  allowed,  the  revival  in  sugar  is  to  be  traced,  perhaps,  to  the 
free  diffusion  of  all  salts  which  it  permits.  The  revival  in  moist  air 
would  seem  to  be  due  to  the  direct  application  of  the  oxygen  of  the 
air  to  the  tissue,  or  else  to  be  related  to  the  fact  that  this  treatment 
brings  to  an  end  all  possibility  of  eitlW  inward  or  outward  diffusion. 
Lingle'  suggests  that  the  strip  in  sodium  chloride  exhaustion  is  in  a 
state  of  mild  asphyxia  which  is  relieved  by  the  transfer  to  air.  Ex- 
periments will  be  cited  presently,  in  another  connection,  in  which 
strips  beat  forcibly  and  continuously  for  very  many  hours  in  other 
solutions  whose  volume  was  exactly  the  same  as  that  of  a  0,7  per 
cent  sodium  chloride  solution  which  produced  exhaustion  in  two 
hours.  Moreover,  the  experiment  of  immersing  the  strip  in  a 
rapidly  flowing  stream  of  0.7  per  cent  sodium  chloride  was  carried 
out  by  the  author,  with  no  apparent  change  in  the  onset  of  exhaus- 
tion.  These  experiments  make  it  very  improbable  that  lack  of 
oxygen  has  anything  to  do  with  sodium  chloride  arrest,  or  that  sup- 
plying oxygen  freely  is  the  cause  of  revival  in  moist  chambers. 
Lingle'lays  great  stress  upon  the  remarkable  revival  which  results 
from  placing  an  exhausted  strip  in  an  atmosphere  of  pure  oxygen. 
This  revival  differs,  however,  not  at  all  in  kind,  but  only  in  degree 
from  that  seen  in  ordinary  air.  That  oxygen  exerts  an  influence  upon 
the  metabolism  which  lies  at  the  basis  of  all  contractions,  can  be 
readily  granted.  That  the  mere  presence  of  oxygen  is  sufficient  of 
itself  to  cause  contractions  in  the  quiescent  strip  is  yet  to  be  proven. 
Lingle's  attempt  to  prove  it^  by  adding  hydrogen  peroxide  to  the 
exhausting  solution  is  insufficient,  because  the  strip,  under  these  con- 
ditions, becomes  completely  enclosed  in  a  layer  of  bubbles;  it  is  in 
effect  removed  from  the  solution,  entirely  so,  so  far  as  diffusion  rela- 
tions are  concerned.  The  experiment  becomes,  then,  merely  another 
instance  of  revival  by  suspension  in  a  moist  chamber.  In  a  later 
paragraph  an  attempt  will  be  made  to  show  that  the  revival  which 
occurs  in  moist  air  can  be  satisfactorily  explained  upon  the  other 
alternative  which  was  suggested  above,  i.  c,  the  elimination  of  all 
possibility  of  diffusion. 


'  LiNGLE :  Lac.  «/,,  p.  98. 
'  Lingle:  Loc.cil,  p.  83. 
*  LiNGL£:  Loc.  CI/.,  p.  81. 
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The  Reactions  of  Strips  in  Mixtures  of  07  per  cent  Sodium 
Chloride  with  Isotonic  Sugar  Solution. 

After  the  initial  relaxation,  which,  as  noted  in  a  previous  para- 
graph, is  the  first  phenomencfiT  exhibited  by  a  freshly  prepared  strip 
erf  ventricle  after  suspension,  the  tone  changes  shown  by  strips  in 
mixtures  of  sodium  chloride  and  sugar  solution  depend  upon  the 
relative  concentration  of  the  two  substances  in  solution.  Where  the 
proportion  of  sodium  chloride  is  rather  large  the  tone  falls  continu- 
ousty,  as  it  does  in  pure  salt  solution.  With  the  sodium  chloride 
quite  dilute,  the  relaxation  may  come  to  an  end  soon  after  the  strip 
resumes  what  may  be  called  its  normal  length.  The  author  has 
never  observed  any  increase  in  tone,  so  long  as  some  sodium  chloride 
was  in  the  solution,  although  it  occurs  constantly  in  pure  sugar 
solution. 

Sufficient  mention  has  already  been  made  of  the  fact  that  in  the 
solutions  under  discussion  the  latent  period  is  always  much  longer 
than  in  solutions  of  0.7  per  cent  sodium  chloride.  The  series  of 
contractions  given  by  strips  in  these  mixed  solutions  of  sugar  and 
sodium  chloride  show  some  points  of  interest.  In  the  first  place,  the 
extent  of  the  initial  beats  of  the  series  is  always  much  greater  than 
in  any  other  environment  with  which  the  author  has  worked.  Under 
favorable  circumstances  these  initial  contractions  in  dilute  salt  solu- 
tion have  been  almost  twice  as  high  as  those  given  by  the  same  strip 
under  electrical  stimulation,  when  freshly  isolated  and  hanging  in  the 
air.  This  great  initial  vigor  is  so  marked  that  it  cannot  escape 
attention,  and  should  be  taken  into  account  in  considering  the  con- 
ditions of  the  heart's  activity.  The  general  form  of  curve  given  by 
strips  in  salt-sugar  solutions  is  similar  to  that  of  strips  in  pure  sodium 
chloride  solution.  The  scries,  however,  is  always  much  longer;  in 
the  author's  experiments  the  average  duration  of  series  in  solutions 
of  sugar  mixed  with  salt  was  eight  and  one-half  hours,  compared  with 
about  two  hours  for  the  controls  in  a/  per  cent  sodium  chloride.  The 
longer  duration  is  compensated  largely  by  the  slower  rate  of  con- 
traction. In  one  experiment  the  control  in  0.7  per  cent  sodium  chlo- 
ride gave  one  thousand  contractions  in  two  hours,  at  the  end  of 
which  time  it  was  completely  exhausted ;  the  companion  strip,  in 
sodium  chloride  mixed  with  sugar  solution,  had  given  thirteen  hundred 
contractions  in  eight  hours  when  the  drum  stopped,  so  that  the  rest  of 
the  record  was  lost.     At  the  end  of  the  eight  hours  the  strip  was  by 
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no  means  exhausted,  although  its  contractions  were  quite  small.  The 
scries  usually  do  not  show  the  regularity  of  sequence  that  is  so  charac- 
teristic of  the  beat  in  pure  sodium  chloride.  In  minor  details  they  may 
exhibit  various  modifications.  Exhaustion  is  sometimes  accompanied 
by  a  gradual  decline  of  the  vigor  of  *«ontraction  to  zero;  in  other 
cases  the  strip  stops  beating  while  the  force  of  the  individual  beats  is 
considerable.  Recovery  after  a  strip  had  come  to  rest  in  a  sugar* 
salt  solution  was  obtained  by  the  author  in  three  ways:  (i)  by 
transferring  the  strip  to  0.7  per  cent  sodium  chloride.  In  the  two 
experiments  in  which  recovery  was  obtained  in  this  way  it  was 
prompt  in  showing  itself,  the  first  beat  was  more  vigorous  than  any 
that  succeeded  it,  though  by  no  means  so  strong  as  those  given  by 
the  same  strip  in  the  early  part  of  the  series  in  the  mixed  solution, 
and  the  length  of  the  series  in  the  pure  salt  solution  was  about  the 
average  for  this  solution.  The  form  of  curve  was  typical  for  0.7  per 
cent  sodium  chloride,  save  for  some  irregularity  of  rate.  (2)  By- 
transferring  the  strip  to  a  moist  chamber.  The  revival  by  this 
means  was  exactly  similar,  in  the  two  cases  in  which  it  was  tried,  to 
that  shown  under  the  same  environment  by  strips  exhausted  in  0.7 
per  cent  sodium  chloride.  (3)  By  transferring  the  exhausted  strip 
to  a  solution  containing  0.7  per  cent  sodium  chloride  and  0.025  P^r 
cent  calcium  chloride.  In  two  cases  the  revival  by  this  means  re- 
sembled that  brought  about  by  pure  sodium  chloride,  in  that  the 
first  contraction  after  recovery  was  greater  than  any  succeeding  ones, 
although  in  other  respects  there  was  no  marked  similarity.  In  two 
other  cases  there  was  a  gradual  increase  of  beat  from  zero  to  the 
maximum.  In  three  of  the  four  cases  there  was  marked  rise  in 
tone. 

The  Reactions  of  Strips  in  Solutions  containing,  in  Addition 

TO  0.7  PER    CENT    SODIUM    ChLORIDE,    FROM    0.025    '"^R    CENT    TO 

0.06  PER  CENT  Calcium  Chloride. 
Fresh  strips  placed  in  solutions  containing  sodium  and  calcium 
chlorides  in  the  proportions  given  above,  show  no  loss  of  tone  other 
than  the  normal  initial  relaxation.  In  nearly  every  instance  a  rise  in 
tone  comes  on  after  the  strip  has  been  in  the  solution  for  some  time. 
If  the  proportion  of  calcium  chloride  is  sufHciently  great,  this  tonic 
contraction  may  become  excessive,  the  condition  being  described  by 
Howell '  as  calcium  rigor.  The  series  of  spontaneous  contractions 
^  Howell  :  This  journal,  1902,  vi,  p.  187. 


ibyGoogle 


Rhythmic  Aciiviiy  of  the  Heart-Muscle.  123 

given  by  strips  in  these  sodium-calcium  solutions  differ  chiefly  from 
those  in  pure  sodium  chloride  solution  in  their  longer  duration.  The 
range  of  length  of  series  in  the  author's  experiments  was  from  four 
and  one-half  to  forty  and  one-half  hours;  the  average  duration  of 
twelve  series  was  seventeen  hours.  When  strips  which  have  been 
exhausted  in  0.7  per  cent  sodium  chloride  solution  are  revived  by  the 
addition  of  calcium  chloride  to  the  solution,  the  series  which  result 
are  essentially  similar  to  those  given  by  fresh  strips  in  solutions  of 
sodium  and  calcium  chlorides.  The  average  duration  of  five  such 
series  was  twenty  hours.  Strips  which  have  been  exhausted,  first  in 
0-7  per  cent  sodium  chloride,  and  then  in  isotonic  cane  sugar,  and 
have  then  been  placed  in  a  sodium-calcium  solution,  show  in  this 
solution  the  same  sort  of  long-continued  series  as  in  the  same  solu- 
tion after  other  preliminary  treatment,  such  as  is  described  above. 
A  noteworthy  fact  in  regard  to  the  effect  of  solutions  of  sodium  and 
calcium  chloride  upon  strips,  is  that  when  a  strip  has  come  to  rest  in 
such  a  mixed  solution,  it  appears  to  be  in  a  condition  from  which  it 
cannot  be  recovered.  Neither  transfer  to  pure  0.7  per  cent  sodium 
chloride,  nor  to  isotonic  cane  sugar,  nor  to  moist  air  has  any  reviving 
effect,  although,  as  will  be  shown,  no  other  kind  of  exhaustion  studied 
by  the  author  failed  to  be  overcome  by  one  or  the  other  of  these 
methods. 


The  Reactions  op  Strips  ik  Normal  Ringer's  Solution. 

The  statement  was  made  in  a  previous  paragraph  that  fresh  strips, 
placed  in  Ringer's  solution,  do  not  usually  show  spontaneous  contrac- 
tions.  Occasionally,  however,  they  may  do  so.  The  author  observed 
this  result  three  times  in  the  course  of  his  experiments.  Each  of 
these  occurred  during  warm  weather.  The  contractions  were  vigor- 
ous but  infrequent ;  the  average  duration  of  the  series  was  six  hours. 
In  this,  as  in  every  observation  of  series  of  contractions  in  Normal 
Ringer,  the  end  of  the  series  was  marked  by  increasing  length  of 
interval  between  contractions,  without  any  marked  diminution  in  the 
extent  of  the  individual  beats.  Cessation  of  activity  seemed  more 
like  the  result  of  an  inhibition  than  of  such  exhaustion  as  occurs  in 
0.7  per  cent  sodium  chloride. 

When  a  strip,  after  exhaustion  in  sodium  chloride  solution,  ts  placed 
in  Ringer's  fluid,  the  first  effect  corresponds  exactly  with  that 
observed  when  revival  is  brought  about  by  the  addition  of  calcium 
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chloride  to  the  exhausting  solution;  there  is  a  prompt  increase  of 
extent  of  contraction.  After  a  ,short  time,  however,  the  rhythm 
becomes  irregular  and  the  beats  infrequent,  as  compared  with  series 
in  solutions  containing  only  sodium  and  calcium  chlorides,  without 
potassium  chloride.  A  Ringer  series  after  sodium  chloride  exhaus- 
tion is  shorter  than  a  corresponding  series  in  a  sodium-calcium  solu- 
tion. The  average  length  of  series  in  Ringer's  fluid,  after  sodium 
chloride  exhaustion,  was,  for  five  observations,  twelve  hours  ;  against 
twenty  hours  for  series  in  a  sodium-calcium  solution  under  corres- 
ponding conditions. 

Transfer  to  Ringer's  solution  after  successive  exhaustion  in  0.7  per 
cent  sodium  chloride  and  isotonic  sugar  solution,  is  followed  by 
essentially  the  same  activity  as  after  sodium  chloride  alone.  In  the 
author's  experiments  the  average  length  of  the  series  after  this  double 
exhaustion  was  four  hours  more  than  when  the  transfer  was  made 
directly  after  sodium  chloride  exhaustion.  Strips  which  have  come 
to  rest  in  Ringer's  solution  may  be  revived  with  the  greatest  prompt- 
ness by  transferring  them  to  0.7  per  cent  sodium  chloride  solution, 
or  to  a  mixture  of  that  solution  with  calcium  chloride  in  physiological 
concentration.  These  results  were  obtained  by  the  author  with  strips 
which  had  been  active  in  Ringer's  fluid  for  forty  hours.  The  extent 
of  contraction  after  revival  is  the  same  as  that  shown  in  the  final 
beats  executed  by  the  strip  in  the  Ringer,  and  these  latter  may  equal 
the  most  vigorous  beats  given  in  any  part  of  the  series,  or  they  may 
be  somewhat  less  powerful.  These  facts  seem  to  indicate  strongly 
that  cessation  of  activity  in  Ringer's  solution  is  a  potassium  effect. 

The  Reactions  of  Strips  in  a  Moist  Chamber. 

Freshly  isolated  strips,  as  has  been  shown,  do  not  usually  exhibit 
spontaneous  activity  if  suspended  directly  in  moist  air;  if,  however, 
the  strip  be  subjected  to  the  proper  treatment  before  being  placed  in 
the  moist  chamber,  very  long  and  excellent  series  of  contractions  may 
be  obtained.  If  a  strip  be  suspended  in  0.7  per  cent  sodium  chloride, 
or  in  a  sodium-calcium  solution,  until  it  executes  a  single  contraction, 
and  be  then  quickly  transferred  to  a  moist  chamber,  a  series  of  beats 
is  obtained  similar  to  those  given  by  strips  in  sodium  chloride  solu- 
tion in  that  the  force  of  contraction  declines  continuously  from  the 
beginning,  but  differing  from  the  series  in  such  solutions  in  bein^ 
considerably  longer,  and  also  by  the  fact  that  the  contractions  become 
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more  and  more  infrequent  toward  the  end  of  the  series.  The  greatest 
length  of  series  observed  by  the  author  under  these  conditions  was 
fourteen  and  a  half  hours ;  the  average  for  seventeen  observations 
was  four  hours.  Strips  which  have  been  placed,  thus,  in  moist  air  at 
the  very  outset  of  their  activity,  and  have  proceeded  to  exhaustion  in 
the  moist  chamber,  may  be  recovered  well  by  being  returned  to  the 
solution  in  which  activity  was  first  induced.  An  interesting  point 
about  the  recovery  that  is  brought  about  by  the  use  of  0.7  per  cent 
sodium  chloride  is  that  in  several  cases,  under  the  conditions  now 
being  considered,  it  began  with  feeble  contractions  which  improved 
gradually  till  the  maximum  was  attained.  In  every  other  instance  in 
which  the  author  observed  either  the  initiation  or  the  strengthening 
of  beats  by  means  of  sodium  chloride,  the  very  first  contraction  after 
the  application  of  the  salt  solution  was  either  maximal  or  slightly 
submaximal.  Recovery  was  also  obtained  by  placing  the  strip  in  a 
solution  containing  0.05  per  cent  calcium  chloride  in  0.7  per  cent 
sodium  chloride,  and  in  a  single  instance  by  the  momentary  applica- 
tion of  a  solution  of  0.05  per  cent  calcium  chloride  in  sugar  solution, 
isotonic  with  0.7  per  cent  sodium  chloride,    - 

Reference  has  already  been  made  to  the  excellent  series  of  contrac- 
tions that  can  be  obtained  by  removing  strips  which  have  been  com- 
pletely exhausted  in  0.7  per  cent  sodium  chloride  to  moist  air.  These 
series  ranged,  in  the  author's  experiments,  from  seven  to  twenty-seven 
hours  in  length  ;  the  average  for  thirteen  observations  was  sixteen 
hours.  The  maximal  force  of  contraction,  which  was  reached  four  to 
eight  hours  after  the  transfer  to  the  moist  chamber,  was  frequently 
as  great  as  that  shown  by  the  strip  at  the  beginning  of  the  sodium 
chloride  series.  For  the  first  few  hours  after  being  placed  in  the 
moist  chamber  the  rate  of  beat  was  rapid  and  regular.  In  the  later 
stages  of  the  series,  however,  it  became  slow  and  quite  irregular. 
The  appearance  of  the  tracing  taken  during  the  latter  part  of  a  moist 
chamber  series  resembles  very  closely  that  given  by  a  strip  beating 
in  Ringer's  solution.  The  end  of  the  moist  chamber  series  was 
always  marked  by  the  long  intervals  between  the  final  contractions- 
Frequently  there  was  also  a  gradual  decline  in  the  force  of  the  con- 
tractions during  the  later  stages  of  the  series,  but  in  a  number  of 
instances  the  only  indication  of  exhaustion  was  the  growing  infre- 
quency  of  the  contractions.  Strips  which  have  come  to  rest  after 
hours  of  activity  in  moist  air  may  be  revived  in  various  ways.  One 
of  these  is  by  returning  the  strip  to  0.7  per  cent  sodium  chloride. 
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In  five  experiments,  in  which  the  duration  of  the  series  in  the  moist 
chamber  varied  between  sixteen  and  twenty-seven  hours,  recovery  was 
obtained  in  this  way.  In  two  cases  the  strip  had  come  to  rest  after  a 
period  of  lessening  frequency  without  any  diminution  in  the  force  of 
the  beats.  In  both  these  cases  the  vigor  after  revival  was  as  great  as 
at  the  end  of  the  moist  chamber  series.  In  three  cases  the  force  of 
contraction  had  declined  gradually  to  zero  before  the  transfer  to  0.7 
per  cent  sodium  chloride.  In  these  cases  the  maximum  vigor  after 
revival  was  markedly  less  than  the  greatest  previously  shown  by  the 
strip.  In  every  instance  the  series  in  the  salt  solution  was  typical  of 
the  solution ;  in  other  words,  there  was  a  continuous  decline  in  the 
extent  of  the  contractions.  The  length  of  the  series  varied  from 
twelve  to  fifty-five  minutes ;  the  average  for  the  five  observations 
was  twenty-eight  minutes.  Another  method  of  reviving  a  strip  after 
exhaustion  in  a  moist  chamber,  is  by  treating  it  with  mixtures  of 
calcium  and  sodium  chlorides  in  solution,  using  the  same  proportion 
of  calcium  chloride  as  in  the  other  experiments  reported.  The 
recovery  by  this  means  is  characterized  by  the  vigor  of  the  resulting 
contractions,  which  is  much  greater  than  that  shown  by  strips 
recovered  by  sodium  chloride  alone,  by  the  long  duration  of  the  series 
after  recovery,  by  the  rise  in  tone  which  usually  occurs,  and  by  the 
fact  that  recovery  ensues  very  promptly  after  the  application  of  the 
calcium  chloride  to  the  strip. 

A  fact  of  interest  in  connection  with  the  activity  of  ventricular 
tissue  in  moist  air,  is  the  remarkable  stimulating  influence  which  is 
exerted  by  solutions  containing  calcium,  when  such  solutions  are 
allowed  to  drip  over  the  surface  of  the  tissue.'  The  author  used  for 
this  purpose  solutions  of  calcium  chloride  in  sodium  chloride  solu- 
tion; of  calcium  chloride  in  isotonic  sugar  solution;  and  specimens 
of  ordinary  well-water,  which  showed  a  strong  calcium  test  with  am- 
monium oxalate.  The  method  of  application  was  as  follows:  a  few 
drops  were  forced  from  a  pipette  upon  the  silk  thread  connecting  the 
muscle  with  the  recording  lever,  whence  they  ran  down  over  the 
surface  of  the  tissue.  The  reviving  effect  was  observed  repeatedly, 
and  at  various  stages  of  the  moist  chamber  series.  If  the  strip  was 
in  a  state  of  exhaustion,  either  after  sodium  chloride  or  after  a  long 
period  of  activity  in  a  moist  chamber,  the  effect  corresponded  with 
that  shown  when  a  bath  containing  calcium  is  applied  to  the  strip; 

'  Greene:  Loc.  eit.,  p.  107. 
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the  extent  of  contraction  was  promptly  and  markedly  increased.  If 
the  strip  was  beating  with  vigor,  but  at  long  intervals,  the  effect  of 
moistening  it  with  the  calcium -containing  solution  was  to  improve 
the  rate  and  rhythm.  That  this  is  a  calcium  effect  solely  is  indicated 
by  the  fact  that  the  revival  caused  by  calcium  chloi^de  in  sugar  solu- 
tion, or  by  the  calcium- containing  water,  could  not  be  distinguished 
from  that  which  resulted  from  the  use  of  mixtures  of  calcium  and 
sodium  chlorides;  moreover,  similar  moistening  with  0.7  per  cent 
sodium  chloride  alone  was  absolutely  without  effect,  although  it  was 
tried  repeatedly  in  circumstances  in  which  moistening  with  a  calcium- 
containing  solution,  or  even  immersion  in  a  solution  of  sodium  chlo- 
ride, would  almost  certainly  have  resulted  in  recovery.  Although  the 
application  of  calcium  is  transient,  the  effect  is  usually  prolonged. 
In  a  number  of  instances  in  the  author's  experience  a  strip  thus 
revived  showed  the  beneficial  effect  of  the  treatment  for  five  or  six 
hours  after  its  application.  It  should  be  borne  in  mind,  in  this 
connection,  that  while  these  calcium  effects  may  result  from  a  very 
momentary  action  on  the  part  of  the  calcium-containing  solution, 
initiation  of  beats  or  revival  of  vigor  brought  about  by  sodium  chlo- 
ride alone,  invariably  requires  that  the  strip  be  immersed  in  the- 
sodium  chloride  solution. 

A  number  of  observations  were  made  on  the  effect  of  placing  a 
fresh  strip  in  a  moist  chamber  after  a  brief  immersion  in  o.^  per  cent 
sodium  chloride,  or  the  same  solution  containing  also  0.05  per  cent 
calcium  chloride.  The  latter  solution  was  left  about  the  strip  for 
five  minutes  in  every  ^case;  the  former  was  left  for  variable  times 
up  to  fifteen  minutes,  but  was  always  removed  before  the  onset  of 
activity.  Strips  in  moist  air,  after  brief  immersion  in  a  calcium- 
containing  solution,  showed  spontaneous  activity  in  six  cases  out  of 
eight  that  were  studied.  The  contractions  were  infrequent  in  every 
case,  and  came  at  irregular  intervals,  although  the  individual  contrac- 
tions were  very  vigorous.  The  average  duration  of  the  series  was 
about  one  and  one-half  hours.  No  decline  in  vigor  occurred  at  its 
close.  After  the  strip  had  stopped  beating,  moistening  it  with  a 
calcium -containing  solution  usually  called  forth  four  or  five  vigorous 
beats  close  together,  but  had  no  further  apparent  effect.  Transfer 
to  a  0.7  per  cent  sodium  chloride  solution  promptly  resulted  in  a 
good  sodium  chloride  series.  In  only  two  cases  was  the  author  able 
to  elicit  spontaneous  contractions  from  strips  which  had  been  re- 
moved from  0.7  per  cent  sodium  chloride  to  moist  air  before  the 
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onset  of  activity.     In  each  of  these  cases  the  total  number  of  con- 
tractions  was  very  small,  and  they  appeared  at  long  intervals. 

The  Reactions  of  Strips  in  Cane  Sugar  Solution  Isotonic 

WITH  0.7   PER   CENT   SODIUM   ChLORIDE   SOLUTION. 

Fresh  strips  placed  in  sugar  solution  show  only  tone  changes. 
There  is  at  the  outset  the  usual  relaxation,  which  is  followed  by  a 
gradual  and  continuous  increase  in  tone;  this  tonic  shortening  may 
amount  ultimately  to  a  very  considerable  fraction  of  the  original 
length  of  the  strip.  When  a  strip  in  this  tonic  contraction  is  re- 
moved to  0.7  per  cent  sodium  chloride,  a  prompt  fall  in  tone  occurs, 
and  unless  the  time  of  immersion  in  sugar  has  been  excessive,  spon- 
taneous contractions  will  begin,  sooner  or  later.  In  none  of  the 
author's  experiments  was  the  onset  of  activity  after  the  application 
of  0.7  per  cent  sodium  chloride  markedly  prompt.  If  a  fresh  strip 
be  placed  in  0.7  per  cent  sodium  chloride  till  beats  begin,  and  be 
then  transferred  to  sugar  solution,  activity  ceases  immediately,  and 
the  same  rise  tn  tone  occurs  as  when  a  perfectly  fresh  strip  is  placed 
in  sugar  solution.  It  will  be  remembered  that  strips  removed  to 
moist  air,  under  the  same  conditions,  give  excellent  series  of  con- 
tractions. Howell '  has  described  the  effect  of  sugar  solution  upon 
strips  which  have  been  exhausted  in  sodium  chloride.  Revival  of 
vigor  as  the  result  of  transfer  to  a  sugar  solution  is  usual,  but  not 
invariable.  When  revival  occurs  it  is  gradual  and  continuous  until 
a  maximum  is  reached  which  is  somewhat  smaller  than  the  maximum 
in  sodium  chloride.  Usually  no  rise  in  tone  occurs.  The  series  in 
sugar,  which  lasts  an  hour  on  the  average,  terminates  ordinarily  with- 
out diminution  of  vigor,  but  the  last  few  beats  are  at  longer  intervals 
than  the  others.  In  a  few  of  the  author's  experiments  the  vigor 
declined  gradually  to  zero.  When  a  strip  that  has  come  to  rest  after 
a  series  in  sugar  solution,  is  placed  again  in  0.7  per  cent  sodium  chlo- 
ride, it  usually  gives  a  series  of  contractions  like  that  ordinarily  seen 
in  sodium  chloride,  save  for  the  exceedingly  rapid  decline  in  vigor 
which  occurs.  In  the  author's  experiments,  the  longest  series  given 
by  a  strip  in  sodium  chloride  after  exhaustion  in  sugar  was  twenty 
minutes.  If  the  strip  be  returned  to  the  sugar  solution  after  this 
second  sodium  chloride  exhaustion,  a  second  good  recovery  and 
series  may  ensue.     This  may,  in  turn,  be  followed  by  a  short  series 
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in  sodium  chloride.  The  author  has  not  succeeded  in  carrying  the 
alternation  of  sodium  chloride  and  sugar  farther  than  this  with  good 
results.  The  effect  of  solutions  containing  both  sodium  and  calcium 
chlorides,  or  of  Ringer's  solution,  upon  strips  exhausted  in  sugar,  is, 
as  Howell '  has  pointed  out,  extremely  beneficial.  Excellent  series  of 
long  duration  may  be  obtained  by  the  use  of  these  solutions;  in  the 
author's  experiments  the  duration  of  series  under  these  conditions 
ranged  from  six  to  forty  iours ;  the  average  was  about  eighteen 
hours.  If  a  strip  which  has  been  exhausted  in  sugar  be  transferred 
to  a  moist  chamber,  it  frequently  revives,  and  gives  a  long  and  ex- 
cellent series  of  contractions.  These  series  showed,  in  the  author's 
experiments,  about  the  same  range  of  duration,  and  the  same  average 
duration  as  was  noted  above  for  strips  in  solutions  containing  both 
sodium  and  calcium  chlorides.  This  result  was  obtained  repeatedly, 
and  is  interesting  inasmuch  as  a  strip  after  exhaustion  in  sugar  has 
been  assumed  to  be  wanting  in  all  diffusible  ions.  Moistening  the 
strip  with  a  sugar  solution  containing  calcium,  at  the  moment  of 
placing  it  in  the  moist  chamber,  was  without  immediate  effect  in 
two  instances,  save  for  a  slight  rise  in  tone.  The  beats,  which  began 
after  a  short  latent  period,  were  vigorous,  but  not  demonstrably  more 
so  than  in  cases  where  no  calcium  had  been  applied.  In  neither  of 
these  instances  was  the  length  of  the  series  widely  different  from  the 
average.  In  one  case,  however,  a  strip  that  had  been  exhausted  suc- 
cessively in  sodium  chloride  and  sugar,  and  had  then  been  beating 
feebly  in  a  moist  chamber  for  two  and  one-half  hours,  was  moistened 
with  a  sodium-calcium  solution,  containing  0.05  per  cent  calcium 
chloride.  The  force  of  contraction  increased  promptly  and  markedly 
as  a  result  of  this  application,  and  the  strip  remained'  active  for 
twenty-five  hours  after  the  application  of  the  reviving  solution. 

After  a  strip  has  been  exhausted  successively  in  0.7  per  cent 
sodium  chloride,  isotonic  sugar  solution,  and  moist  air,  and  has 
given  a  good  series  of  contractions  in  each,  it  may  then  be  revived 
by  being  placed  in  a  solution  of  sodium  and  calcium  chlorides,  and 
may  give  an  excellent  and  vigorous  series  in  this  solution.  The 
figures  for  two  such  experiments  are  as  follows : 

Mxperiment  of  Dec.  17,  1903.  — A  strip  was  exhausted  in  0.7  per  cent  sodium 
chloride  by  1.5  hours'  immersion.  It  was  then  placed  in  isotonic  sugar 
solution,  in  which  it  made  a  good  recovery  and  gave  a  typical  series  of 

■  Howell  :  Lac.  cil.,  p.  190. 
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the  usual  length.  At  the  end  of  i  .5  hours  after  being  put  into  the  sugar 
solution,  it  had  become  perfectly  quiescent.  It  was  then  transferred  to 
a  moist  chamber,  where  it  recovered  a  second  time,  and  remained  active 
for  more  than  seventeen  hours.  Eighteen  hours  after  being  placed  in  the 
moist  chamber  the  strip  had  again  come  to  rest.  It  was  then  put  into  a 
solution  of  sodium  and  calcium  chlorides.  Vigorous  beats  commenced 
at  once,  and  the  strip  remained  active  for  twelve  hours. 
Experiment  of  Dec.  SI,  190S.  —  A  Strip  was  exhausted  successively  in  o.  7  per 
cent  sodium  chloride.  Isotonic  sugar  solution,  and  moist  air,  giving  a  typi- 
cal series  of  contractions  in  each  medium.  It  was  in  the  salt  solution 
two  hours,  in  the  sugar  solution  one  hour,  and  in  the  moist  chamber  twenty- 
one  hours.  At  the  end  of  this  treatment  it  was  immersed  In  a  sodium 
calcium  solution,  containing  0.05  per  cent  calcium  chloride  and  0.7  per 
cent  sodium  chloride,  and  gave  a  good  series  of  beats  lasting  fifteen 
hours. 

Summary. 
The  following  reactions  seem  to  the  author  to  be  nortna!  for  ven- 
tricular tissue  of  the  turtle,  and  in  his  opinion  must  all  be  taken  into 
account  In  any  attempt  to  formulate  a  satisfactory  theory  of  -the 
rhythmicity  of  such  tissue. 

—  1,  Ventricular  tissue  of  the  turtle's  heart  is  not  spontaneously 
rhythmical  under  the  conditions  of  normal  life.  This  is  shown  by 
the  fact  that  it  ceases  to  beat  when  completely  isolated. 

—  2.  It  contains  within  itself  all  the  conditions  essential  for  rhythmic 
activity,  provided  they  can  be  brought  into  play. 

^  3.  By  subjecting  the  tissue  to  certain  artificial  conditions  it  can  be 
made  spontaneously  rhythmical ;  the  most  important  of  these  artifi- 
cial conditions  are  stated  in  the  succeeding  sections. 

—  4.  A  sodium  salt  in  some  proportion  must  be  present  in  any  solu- 
tion which  is  to  be  used  as  a  bath  about  a  ventricular  strip  for  the 
purpose  of  initiating  spontaneous  contractions  in  it. 

—  5.  A  brief  preliminary  bath  of  a  solution  containing  calcium  in 
physiological  proportion,  followed  by  immersion  in  0.7  per  cent  sodium 
chloride,  induces  spontaneous  beats  in  a  fresh  strip  more  promptly 
than  any  other  solution  n6w  known. 

—  6.  Fresh  strips  v«Il  begin  to  beat  spontaneously  if  treated  only 
with  0.7  per  cent  sodium  chloride,  but  much  more  time  elapses  before 
the  onset  of  activity  in  this  case  than  in  the  former  one. 

__  7.  Spontaneous  contractions  may  occur  in  solutions  containing 
a  much  smaller  amount  of  sodium  chloride  than  that  usually  consid- 
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ered  as  physiological,  if  the  solutions  are  kept  isotonic  by  the  addi- 
tion of  some  "  indifferent "  substance,  such  as  cane  sugar,  but  the 
latent  period  in  this  case  is  much  prolonged  over  that  which  occurs 
in  the  other  cases  mentioned. 

—  8,  Long  continuance  in  the  abnormal  conditions  incident  to  com- 
plete isolation  from  the  body,  modifies  the  tissue  so  that  its  general 
sensitiveness  to  the  influence  of  salts  is  markedly  increased. 

—  9.  The  series  of  contractions  in  0.7  per  cent  sodium  chloride  is 
characterized  by  continuous  diminution  of  vigor,  resulting  finally  in 
standstill,  the  so-called  "sodium  chloride  exhaustion." 
~  10.  Recovery  from  sodium  chloride  exhaustion  may  be  secured  by 
adding  calcium  chloride  to  the  solution,  by  permitting  free  diffusion 
of  the  electrolytes  present  in  the  heart-muscle,  or  by  preventing  dif- 
fusion completely.  The  recovery  by  the  second  method  is  compara- 
tively short-lived,  while  that  brought  about  by  the  first  and  third 
methods  is  very  long  continued. 

^  II.  Spontaneous  activity  in  isotonic  solutions  containing  small 
proportions  of  sodium  chloride  is  characterized  by  the  extreme  vigor 
of  the  initial  contractions.  The  rate  is  much  slower  than  in  0-7  per 
cent  sodium  chloride,  but  this  is  fully  compensated  by  the  much 
greater  length  of  the  scries  of  beats. 
-^  12.  Recovery  from  the  exhaustion  which  occurs  in  dilute  sodium 
chloride  solutions  may  be  obtained  by  the  application  of  0.7  per 
cent  sodium  chloride,  by  the  application  of  mixed  solutions  con- 
taining both  sodium  and  calcium  chlorides,  or  by  the  complete 
stoppage  of  diffusion  which  results  when  the  tissue  is  placed  in  a 
moist  chamber. 

—  13.  Spontaneous  activity  in  solutions  containing  both  sodium  and 
calcium  chlorides  is  characterized  by  the  very  great  length  of  the 
series  of  beats,  and  also  by  the  fact  that  exhaustion  in  such  solutions 
is  not  overcome  by  the  methods  applicable  to  other  forms  of 
exhaustion. 

-~  14.  Spontaneous  activity  in  Ringer's  solution  is  characterized  by 
the  great  length  of  series  it  induces,  and  by  the  irregular  rhythm 
exhibited  by  strips  immersed  in  it.  Cessation  of  activity  in  this  solu- 
tion appears  more  like  inhibition  than  like  true  exhaustion, 

■—  15.  Recovery  from  standstill  in  Ringer's  solution  may  be  obtained 
by  the  application  of  pure  sodium  chloride,  or  of  mixtures  of  sodium 
and  calcium  chlorides.  The  series  of  beats  after  recovery  with  the 
first-named  solution  shows  the  usu&l^haracteristic  of  a  more  or  less 
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rapid  decline  to  zero,  while  that  with  the  second  solution  is  very  long 
and  well  sustained. 

^  i6.  Spontaneous  activity  in  moist  air  occurs  only  after  it  has  been 
induced  by  treatment  with  one  of  the  e£Eective  solutions  described 
above.  The  nature  of  the  series  of  contractions  given  in  the  moist 
chamber  depends  upon  the  previous  treatment  which  the  tissue  has 
had.  The  most  Tavorable  preliminary  treatment  appears  to  be  ex- 
jiaustton  in  0.7  per  cent  sodium  chloride,  or  successive  exhaustion  in 
this  medium  and  in  sugar  solution  isotonic  with  it.  The  momentary 
application  of_g^ium  to  a  strip  in  moist  air  affects  favorably  both 
the  vigor  of  contraction  and  the  rhythm  of  the  series.  The  later 
stages  of  a  moist  chamber  series  are  characterized  by  irregularity  of 
rhythm  like  that  shown  by  strips  in  Ringer's  solution.  If  the  strip  ia 
removed  to  moist  air  at  the  very  beginning  of  spontaneous  activity, 
the  resulting  series  is  characterized  by  gradually  declining  vigor  from 
the  outset,  as  well  as  by  the  diminishing  frequency  of  contraction 
which  is  usual  in  moist  air.  The  series  under  such  conditions  is 
much  shorter  than  when  the  moist  chamber  is  applied  after  exhaus- 
tion in  sodium  chloride. 

—  17.  Recovery  from  moist  chamber  exhaustion  may  be  obtained  in 
precisely  the  same  ways  as  from  standstill  in  Ringer's  solution.  In 
this  case,  as  in  that,  the  recovery  which  results  from  the  application 
of  a  mixed  solution  of  sodium  and  calcium  salts  is  much  better  than 
that  which  follows  the  use  of  sodium  chloride  alone. 

18.  Spontaneous  activity  in  sugar  solution,  isotonic  with  0.7  per 
cent  sodium  chloride,  appears  to  occur  only  after  previous  exhaustion 
in  sodium  chloride.  It  is  characterized  by  the  short  duration  of  the 
series,  and  by  the  fact  that  standstill  frequently  comes  on  with  the 
extent  of  contraction  still  high.  • 

-~-  19.  Recovery  from  standstill  in  sugar  solution  may  be  obtained 
by  the  application  of  isotonic  sodium  chloride,  in  which  case  the 
recovery  is  very  short-lived,  or  by  the  application  of  a  sodium-calcium 
solution,  or  by  the  stoppage  of  diffusion  which  results  from  the  re- 
moval of  the  strip  to  moist  air;   the  recovery  in  the  two  latter  cases 

•  is  excellent  and  long-continued. 

Theoretical  Discussion. 

Study  of  the  results  described  above  leads  to  the  conclusion  that 

the  simple  theories  thus  far  proposed  in  explanation  of  the  reactions 

of  ventricular  tissue  to  salts,  in  which  all  the  effects  observed  are 
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attributed  to  mere  diffusion  inward  or  outward  of  one  salt  or  another, 
are  insufficient  to  account  for  all  the  phenomena,  and  that  the  ulti- 
mate explanation  of  these  effects  will  prove  to  be  more  complicated. 
Two  sets  of  phenomena  reported  in  this  paper  seem  to  be  peculiarly 
instructive  when  studied  together.  The  first  of  these  has  to  do  with 
the  effect  of  calcium  on  the  latent  period,  and  the  second  with  its 
effect  on  recovery  from  sodium  chloride  exhaustion.  In  the  first  case 
it  is  seen  that  spontaneous  contractions  appear  promptly  in  a  fresh 
strip  treated  with  calcium  and  then  placed  in  sodium  chloride,  while 
if  the  calcium  treatment  be  omitted,  and  the  fresh  strip  be  placed 
directly  in  the  saline  solution,  contractions  appear  only  after  a  con- 
siderable lapse  of  time.  The  second  case  is  analogous  ;  a  strip  which 
has  lost  its  irritability  as  the  result  of  prolonged  immersion  in  salt 
solution  is  recovered  with  great  promptness  by  the  application  of 
calcium,  and  exhibits  an  equally  good  recovery  as  the  result  of 
removal  from  the  sodium  chloride  solution  to  moist  air,  but  only  after 
along  interval.  These  facts  may  be  taken  to  indicate  that  the  result  ^ 
of  immersion  in  sodium  chloride,  in  the  first  instance,  and  oTsuspen-  ' 
sion  in  moist  air,  in  the  second,  is  to  bring  about  gradually,  by 
processes  within  the  tissue,  conditions  equivalent  to  those  obtained 
immediately  by  the  application  of  calcium  directly  to  it.  The  tenta- 
tive hypothesis  which  the  author  offers  in  explanation  of  the  observa-  \, 
tions  of  himself  and  others,  along  the  lines  under  consideration,  is 
based  upon  the  idea  expressed  above.  The  first  assumption  suggested 
would  be  that  the  liberation  of  energy  in  ventricular  tissue  is  depend- 
ent upon  the  presence  in  it  of  calcium  in  diffusible  form,  but  that  the 
normal  calcium-content  of  the  tissue  is  for  the  most  part  in  some 
indiffusible  form.  According  to  this  assumption,  one  effect  of  stimu- 
lation upon  the  tissue  would  be  to  convert  the  calcium  from  its  > 
indiffusible  inert  form  to  a  diffusible  active  form.  When  a  strip  of 
ventricle  is  isolated  from  its  normal  connections,  it  may  be  supposed 
that  the  calcium -con  tent  passes  over  gradually  from  the  inert  to  the 
active  form,  perhaps  through  the  action  of  sodium  salts  upon  the 
tissue,  and  that  activity  begins  when  sufficient  diffusible  calcium  has 
accumulated  to  produce  its  effect.  Although  the  assumed  active 
calcium  has  been  designated  as  diffusible,  satisfactory  explanation  of 
some  of  the  observed  phenomena  requires  the  assumption  that  the 
actual  diffusion  of  calcium  is  comparatively  insignificant  when  the. 
tissue  is  at  rest,  but  marked  when  it  is  in  action. 
The  observations  recorded    in    the  author's  summary  must  be 
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examined  in  their  relation  to  this  hypothesis,  in  order  to  see  how  far 
it  is  in  accordance  with  the  facts  known  at  this  time. 

The  latent  period.  —  The  effect   of   the   external  application  of  a 
calcium  salt  in  shortening  the  latent  period  agrees  with  the  idea  that 
I  the  presence  of  calcium  ions  is  essential  to  activity,  since  this  treat- 
I  ment  provides  them  at  once,  and  is  followed  by  prompt  activity.    The 
f  idea  has  been  advanced  that  the  inert  calcium-content  of  the  tissue  is 
'  rendered  active  suddenly  as  the  result  of  stimulation.     It  may  be. 
supposed  that  sodium   ions  applied  about  the  strip  bring  about  a 
similar  transformation  gradually.     From  this  point  of  view  the  latent 
period  in  a  sodium-containing  solution  would  be  looked  upon  as  an 
expression  of  the  time  required  for  sufficient  transformation  of  calcium 
to  take  place  to  induce  contractions.     The  fact  that  dilution  of  the 
sodium  chloride  bath  with  suga.'  solution  prolongs  the  latent  period 
can  be  explained  by  supposing  that  the  rate  of  conversion  of  the  cal- 
cium from  its  inert  to  its  active  form  is  dependent  on  the  amount  of 
sodium  in  the  external  environment. 

Sodium  cbloilda  axhatutioii,  and  raooTarr  from  It.  —  Upon  the 
assumption  that  diffusion  of  the  active  calcium  takes  place  with  great 
readiness  while  the  tissue  is  contracting,  the  decline  of  vigor  in 
r  .sodium  chloride  solution  follows  as  a  natural  consequence!)  (This  solu- 
tion^offers  no  opposition  to  free  calcium  diffusion  whenever  the  con- 
':dition  of  the  tissue  permits  it.  It  may  be  supposed  that  when  the 
tissue  is  active^diffusion  of  calcium  goes  on  more  rapidly  than  does  the 
process  of  transformation  into  the  active  form.  The  result  would  be 
a  gradual  diminution  in  the  quantity  of  effective  calcium,  as  compared 
with  the  amount  of  sodium  present,  and  an  accompanying  decrease  of 
vigor.  Addition  of  calcium  to  the  solution  in  which  exhaustion  has 
taken  place  should  have  a  prompt  and  favorable  effect  upon  the  vigor 
of  contraction,  because  it  acts  to  restore  at  once  the  balance  between 
the  sodium  and  calcium,  upon  which  the  execution  of  powerful  con- 
tractions seems  to  depend.  The  beneficial  effect  of  the  presence  of 
calcium  in  the  bathing  solution  would  be  expected  to  be,  as  it  is,  long 
continued,  since  in  this  way  the  favorable  proportion  between  the 
sodium  and  calcium  is  maintained.  When  an  exhausted  strip  is 
transferred  to  a  moist  chamber,  outward  diffusion  of  calcium  comes 
to  an  end,  but  the  transformation  into  the  diffusible  form  may  be 
supposed  to  continue.  The  result  will  be  a  gradual  accumulation 
of  active  calcium  which  will  be  accompanied  by  rhythmical  contrac- 
tions of  increasing  force.     When  a  strip,  after  exhaustion  in  sodium 
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chloride,  is  placed  in  sugar  solution,  outward  diffusion  of  sodium  is 
possible,  as  well  as  of  the  other  electrolytes.  If  it  be  supposed  that 
sodium  is  highly  diffusible,  more  so  than  the  active  form  of  calcium, 
the  result  of  the  transfer  to  sugar  would  be  a  relative  increase  in  the 
amount  of  active  calcium,  as  compared  with  the  sum  total  of  the  other 
electrolytes  of  the  tissue,  and  this  relative  increase  in  the  amount  of 
effective  calcium  could  be  looked  upon  as  the  cause  of  the  increased 
vigor  of  beat. 

AoUvity  ia  Bodlam  otaloilde  dilntsd  writta  laotonio  sogkr  solntloi].  — 
The  characteristic  features  of  activity  in  dilute  sodium  chloride  solu- 
tions,  namely,  great  vigor  and  slow  rate,  may  probably  be  interrelated, 
as  Lingle '  has  suggested.  The  cause  of  the  slow  rate  is  not  im- 
probably the  same  as  of  the  long  latent  period,  i.  e.,  the  small  propor- 
tion of  sodium  in  the  b^ing  solution,  and  presumably,  as  the  result 
of  diffusion,  in  the  tissue  also.  If  the  possible  output  of  energy  of  the 
strip  is  not  affected  by  the  diminution  in  the  amount  of  sodium  in  it, 
the  slower  rate  would  naturally  be  compensated  by  greater  force  of 
contraction.  It  should  be  borne  in  mind  in  considering  the  effects  of 
solutions  containing  sugar,  that  the  possibility  of  direct  influence  on 
the  part  of  this  substance  is  by  no  means  excluded,  and  while  it  is 
desirable,  from  theoretical  considerations,  to  consider  sugar  solutions 
indifferent,  the  experimental  results  of  Howell'  and  others  indicate 
that  they  may  exert  a  definite  and  specific  influence  upon  tissues 
immersed  in  them.  The  most  interesting  of  the  methods  for  reviving 
strips  which  have  come  to  rest  in  dilute  sodium  chloride,  is  the  appli- 
cation of  0.7  per  cent  sodium  chloride.  The  revival  under  this  treat- 
ment is  ordinarily  very  prompt  in  showing  itself,  indicating  that 
whatever  the  direct  influence  of  the  sugar  may  be,  it  is  quickly  over- 
come.  On  the  assumption  that  sodium  influences  the  conversion  of 
calcium  to  its  effective  form,  the  beneficial  effect  of  the  application  of 
the  strong  solution  of  salt  would  be  due  to  the  fact  that  it  brings 
this  transformation  about  to  an  increased  degree.  At  the  same  time 
(he  normal  proportion  of  sodium  would  be  restored  in  the  tissue,  and 
complete  outward  diffusion  of  the  sugar  would  occur. 

Aotivltr  la  mixed  «oliitioDa  of  Bodlam  and  oalolam  ohlotldes.  — 
Howell '  has  described  and  discussed  the  results  of  immersing  heart 
strips  for  a  long  time  in  sodium-calcium  solutions  in  which  the  pro- 

'   Lingle  :  This  journal,  1900,  iv,  p.  275. 

*■'  Howell:  This  journal,  1901,  vi,  p.  188. 

•  Howell:  This  journal,  1901, vi, p.  187. 
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portion  of  calcium  is  somewhat  greater  than  the  physiological.  He 
points  out  that  the  ultimate  effect  of  this  targe  dose  of  calcium 
is  to  throw  the  tissue  into  a  contracted  condition,  which  he  desig- 
nates as  calcium  rigor.  He  points  out  that  after  a  strip  has  gone  into 
this  condition  it  cannot  again  be  roused  into  action.  In  the  present 
paper  it  was  shown  that  in  cases  in  which  the  proportion  of  calcium 
is  not  great  enough  to  bring  about  calcium  rigor,  the  cessation  of 
activity  is  marked  by  the  same  characteristic  of  resistance  to  ordinary 
modes  of  recovery.  This  is  what  is  to  be  expected  on  any  theory  which 
assumes  that  interaction  between  sodium  and  calcium  is  essential  to 
the  activity  of  this  kind  of  tissue.  If  the  proportions  of  sodium  and 
calcium  in  the  bathing  solution  are  correct,  activity  might  continue 
until  the  available  supply  of  energy-liberating  material  is  exhausted, 
and  after  that  point  is  reached  recovery  can  only  be  obtained,  if  at 
all,  by  renewing  the  supply  of  such  material. 

Activity  m  Rlnger't  roIqUod.  —  This  solution  differs  from  the  one 
just  under  consideration  only  in  that  it  contains  a  small  proportion  of 
potassium  chloride.  The  relative  infrequcncy  of  contraction  and 
irregularity  of  rhythm  which  characterize  activity  in  this  medium, 
can  he  most  simply  explained  as  Howell '  has  suggested,  as  due  to 
the  restraining  and  inhibiting  influence  of  the  potassium  ions.  The 
fact  that  cessation  of  activity  is  not  accompanied  by  diminishing 
vigor,  but  only  by  lessened  frequency  of  contraction,  indicates 
strongly  the  influence  of  an  inhibiting  agent.  That  this  agent  is  the 
potassium  is  indicated  with  equal  clearness  by  the  fact  that  the  only 
treatment  necessary  for  complete  renewal  of  activity  is  the  change 
from  Ringer's  solution  to  a  precisely  equivalent  one  in  which  no 
potassium  salt  is  present. 

Activity  Id  molat  chambers.  —  The  fact  that  the  freshly  isolated 
ventricle  ordinarily  remains  at  rest  in  moist  air  can  be  explained  as 
due  to  the  inhibiting  action  of  the  potassium  ions  present  in  the 
tissue,  or,  according  to  the  suggestion  made  in  this  paper,  on  the 
supposition  that  the  calcium  does  not  become  effective  except  under 
the  influence  of  sodium.  It  seems  to  me  not  unlikely  that  both  these 
'  factors  may  be  operative.  All  the  methods  by  which  spontaneous 
contractions  can  he  initiated  are  explicable  upon  this  assumption  of 
a  twofold  cause  of  standstill,  and  it  accords  with  the  facts  which  are 
known  as  to  the  effects  of  variations  of  environment  upon  the  spon- 

•  Howell:  Lot.  cit.,  p.  201. 
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taneous  activity  of  the  strip,  after  it  has  been  initiated.  Two  facts, 
first,  that  the  later  stages  of  series  of  contractions  in  moist  chambers 
normaily  exhibit  increasing  irregularity  of  rhythm  and  diminishing 
rate,  presenting,  thus,  more  and  more,  the  characteristic  features  of 
series  in  potassium -containing  solutions,  and,  second,  that  cessation 
of  activity  under  these  conditions  resembles  inhibition,  rather  than 
exhaustion,  seem  to  indicate  that  there  may  be  a  gradual  accumula- 
tion  of  eflective  potassium  ions,  analogous  to  that  which  has  been 
suggested  for  calcium.  The  methods  for  reviving  strips  which  have 
come  to  rest  after  activity  in  moist  air,  may  be  interpreted  as  favor- 
ing such  a  view.  As  was  noted  in  a  previous  paragraph,  the  modes 
of  causing  recovery  after  exhaustion  in  moist  air  are  the  same  as 
those  which  are  effective  in  overcoming  Ringer  standstill,  namely, 
methods  which  provide  for  the  removal  of  the  excess  of  potassium 
by  diffusion.  A  comparison  of  all  the  methods  of  treatment  which 
result  in  a  renewal  of  activity  after  standstill  in  moist  air,  shows  that 
the  failure  of  the  strip  to  beat  can  hardly  be  due  to  lack  of  sodium 
or  of  calcium,  or  to  excess  of  either  of  these  substances,  inasmuch  as 
revival  can  be  obtained  by  the  application  of  mixtures  of  sodium  and 
calcium,  or  by  either  one  without  the  other.  The  most  direct  con- 
clusion, in  view  of  all  these  facts,  is  that  excess  of  potassium  is  the 
cause  of  the  cessation  of  activity  in  moist  air.  This  conclusion  in- 
volves the  assumption  of  an  accumulation  of  potassium,  which  can  be 
most  readily  explained,  it  seems  to  me,  by  supposing  the  potassium 
to  be  present  in  the  tissue  in  an  ineffective  form,  analogous,  perhaps, 
to  that  in  which  the  calcium  occurs  normally,  and  that  it  undergoes 
a  gradual  transformation,  by  virtue  of  which  it  becomes  effective. 

AotivltT  In  Rugu  solatloD.  —  Spontaneous  contractions  seem  to 
occur  normally  in  solutions  of  sugar  only  after  complete  exhaustion 
in  sodium  chloride  solution.  Inasmuch  as  a  bath  of  sugar  solution 
allows,  presumably,  diffusion  of  all  electrolytes  from  the  tissue,  and 
it  is  well  established  that  the  presence  of  electrolytes  is  one  of  the 
essentials  of  activity  in  heart-tissues,  Howell's'  assumption  of  a  dif- 
ferential diffusion  seems  best  adapted  to  explain  the  revival  which 
occurs  under  these  conditions.  Since  immersion  in  sugar  solution 
does  not  cause  beats  under  other  circumstances,  it  must  be  supposed, 
granting  that  differential  diffusion  is  the  correct  explanation  in  this 
case  of  the  activity  after  sodium  chloride  exhaustion,  that  the  condi- 

'  Howell  :  i«.  cit.,  p.  198. 
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tion  of  the  tissue,  as  regards  its  content  in  electrolytes,  is  not  such 
that  the  difEerential  diffusion  in  sugar  will  cause  or  revive  contrac- 
tions, save  under  this  special  circumstance  of  previous  exhaustion  in 
sodium  chloride.  According  to  the  hypothesis  in  whose  light  the 
heart  reactions  are  being  considered  in  this  paper,  the  end  of  the 
series  in  sodium  chloride  would  be  a  favorable  time  for  such  a  differ- 
ential diffusion  to  be  effective ;  the  transformation  of  calcium  to  its 
active  form  is  well  established,  the  sodium  content  of  the  tissue  is 
at  a  high  level,  and  the  previous  bath  of  sodium  chloride  has  per- 
mitted the  outward  diffusion  of  potassium.  In  fresh  strips,  or  those 
that  have  been  but  a  short  time  in  sodium  chloride  solution,  these 
favorable  conditions  do  not  occur.  The  cessation  of  activity  in  sugar 
after  the  short  series  of  beats  which  occurs  in  this  medium  may  be 
due  to  the  disturbance  of  that  relationship  of  the  electrolytes  which 
results  in  activity,  through  their  continued  outward  diffusion,  or  it 
may  be  due  to  a  direct  effect  of  the  sugar.  The  methods  of  restor- 
ing a  strip  to  action  after  it  has  come  to  rest  in  sugar,  particularly 
the  transfer  to  moist  air,  which  induces  a  most  excellent  recovery, 
seem  to  indicate  that  the  standstill  in  sugar  solution  is  due  to  dis- 
turbance of  the  electrolytic  relationships,  rather  than  to  an  injurious 
effect  of  the  sugar. 

Seaaonal  vuiatiotis  In  the  reocttons  of  hoort  tiftana.  —  The  marked 
shortening  of  the  latent  period  in  sodium  chloride  exhibited  by  some 
hearts  in  the  summer  time,  seems  to  me  to  be  of  sufficient  interest  to 

i  merit  a  brief  discussion.  (The  hypothesis  under  consideration  sup- 
poses that  irritability  in  ncart-tissue  depends  upon  the  amount  of 
transformation  of  its  calcium-content  from  an  ineffective  to  an  effec- 
tive form.  I  It  can  be  conceived  that  the  ease  with  which  this  trans- 
formation may  be  induced  differs  with  variations  in  external  conditions, 
particularly,  perhaps,  with  seasonal  or  temperature  changes.  If  we 
suppose  the  inert  calcium-content  of  the  summer  heart  to  be  much  less 
stable  than  that  of  the  heart  in  cold  weather,  the  gentle  accelerating 
action  of  sodium  in  solution  would  bring  about  the  transformation  of 
the  calcium  in  less  time,  with  the  resulting  effect  of  shortening  the 
latent  period.  It  is  difficult  to  imagine  why  increased  instability  of 
the  normal  calcium-content  of  the  tissue  should  always  be  accom- 
panied, as  it  seems  to  be,  by  an  inhibitory  influence  on  the  part  of 
large  doses  of  calcium  in  the  surrounding  solution ;  but  a  more  inti- 
mate knowledge  of  the  relations  of  the  various  salts  to  the  heart's 
activity  will  doubtless  make  this  point  clear. 
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THE  CHEMISTRY  OF  MALIGNANT  GROWTHS.  —  FIRST 
COMMUNICATION. 

By  S.  p.  BEEBE. 

{Contritutiimi  from  Iht  Hunlinslen  Fund  /or  Cancer  Rar'arch,  Leomii  Laberatvry, 
New  Yark.^ 

THE  tissue  of  a  tumor  is  probably  typical  and  may  be  expected 
to  have  characteristics  distinguishing  it  from  the  normal  tissues 
of  the  body  as  sharply  as  the  various  normal  tissues  may  be  seftarated 
from  one  another.  Although  types  of  tumor  cells  may  be  found  in 
the  adult  or  embryonic  tissues,  still  certain  irregularities  in  structure 
may  be  noted ;  and  in  its  activities  tumor  tissue  forms  so  marked  a 
contrast  to  the  other  body  tissues  that  it  may  be  expected  to  show 
chemical  peculiarities  as  well.  It  has  seemed  advisable,  therefore,  to 
make  a  study  of  the  chemical  compositions  of  tumors. 

This  work  was  begun  upon  fresh  material,  and  the  present  paper 
deals  chiefly  with  the  conditions  found  in  certain  tumors  that  had 
undergone  degeneration  in  situ.  The  results  given  are  those  obtained 
from  a  variety  of  material,  but  the  difficulty  of  getting  suitable  speci- 
mens for  further  work  in  the  same  line  has  led  to  the  publication  of 
the  results  thus  far  obtained. 

Tnmor  No.  1.  —  Carcinoma  of  the  broad  ligament.  This  tumor 
showed  marked  evidence  of  degeneration.  The  whole  ligament  was 
not  yet  involved,  so  that  a  little  apparently  normal  tissue  was  sepa- 
rated from  the  tumor,  which  was  removed  during  an  operation  per- 
formed about  six  hours  previously.  Being  very  soft,  it  was  easily 
ground  to  a  fine  pulp  in  the  hashing  machine.  Cultures  showed  the 
pulp  to  be  free  from  bacteria. 

This  pulp  was  added  to  three  volumes  of  distilled  water,  thoroughly 
stirred  for  half  an  hour,  a  little  acetic  acid  added,  and  the  whole  ' 
warmed  to  40°  C.  on  a  water  bath.  The  insoluble  tissue-elements 
collected  were  filtered  o£t  and  dried  at  85°  (Residue  A).  The  fil- 
trate was  then  heated  to  boiling  for  one  minute  to  coagulate  proteids. 
The  second  filtrate  gave  the  following  qualitative  reactions: 
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1.  Biuret,  strong  reaction. 

3.  Adamkiewicz,  strong  reaction. 

3.  Chlorine  water  for  free  tryptophan,  strong  reaction. 

4-  Millon,  positive. 

5.  Reduction,  Fehling  and  Nylander,  negative. 

6.  Iodine  for  glycogen,  negative. 

The  remainder  of  the  filtrate  was  used  to  determine  the  presence 
of  amino-acids;  it  was  evaporated  to  small  bulk  and  saturated  with 
gaseous  hydrochloric  acid.  No  crystals  appeared  after  six  days  in  the 
refrigerator.  After  removal  of  the  acid  in  the  usual  way,  and  further 
concentration,  leucin  and  tyrosin  crystallized  out.  The  tyrosin  was 
identified  by  its  solubilities,  crystalline  form,  and  color-reactions; 
and  the  copper  salt  of  the  leucin  was  made,  and  its  presence  thus 
confirmed. 

On  still  further  concentrating  the  filtrate,  large  quantities  of  a  sub- 
stance having  the  crystal  form  and  sweet  taste  of  glycocoll  separated 
out.     The  identification  of  this  substance  as  glycocoll  was  completed 

by. 

First,  its  content  of  nitrogen, 

0.1480  gm.  of  the  substance  gave  0.0452  gm.  of  nitrogen,  =  18.34  P^^  cent. 
Calculated  for  glycocoll,  18.66  per  cent. 

Second,  on  benzoylating,  it  gave  hippuric  acid,  identified  by  its 
crystal  form,  solubilities,  and  melting  point.  iSi°. 

Bwldm  A.  —  The  dried  residue  contained  13  per  cent  nitrogen,  a  trace  of 
phosphorus,  but  no  sulphur.  A  considerable  quantity  of  ether-soluble 
material  was  obtained  from  it 

4  gms.  of  the  dried  tissue  yielded  0.304  gm.  ether-soluble  material, 
=  7.6  per  cent. 

4  gnis.  dried  tissue,  digested  for  48  hours  at  38°,  in  0.1  per  cent  hydro- 
chloric acid  and  pepsin,  yielded  0.198  gni.  ether-soluble  material,  =  7.45 
per  cent. 

The  ether-soluble  material  was  saponified  with  sodium  alcoholate, 
evaporated  to  dryness;  the  residue  dissolved  in  water  and  shaken  out 
with  ether.  The  ether  extract,  after  evaporation  to  dryness  and 
washing  with  a  little  cold  alcohol,  was  taken  up  in  chloroform.  This 
solution  gave  the  color-reactions  of  cholesterin. 

The  degeneration  that  has  taken  place  here  is  evidently  one  of 
autolysis.    The  products  obtained  are  those  characteristic  of  cleavage 
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by  the  digestive  enzymes,  and  the  tissue  is  sterile.  If  the  circulation 
had  not  been  impaired,  the  soluble  products  would  probably  not  have 
been  found  in  such  quantities.  This  is  particularly  true  of  glycocoll, 
which  has  thus  far  been  found  free  in  animal  tissue  in  only  one  other 
case.'  It  should  be  noted,  however,  that  in  the  present  case  the 
tissue  is  degenerated,  and  the  tumor  was  growing  on  a  structure,  the 
broad  ligament,  which  would  be  expected  to  yield  collagen  and  con- 
sequently glycocoU.  In  this  respect  the  tumor  resembled  the  tissue 
upon  which  it  was  growing,  or  which  had  been  eroded  by  its  growth. 

The  fact  that  all  the  fat  could  be  extracted  with  ether  before  sub- 
jecting the  tissue  to  gastric  digestion,  was  to  be  expected,  sind  is 
explained  by  the  proteolysis  which  the  tissue  had  undergone  in  situ. 
Taylor  has  found  that  the  fat  can  be  more  completely  extracted  from 
the  livers  of  frogs  that  have  been  poisoned  with  phosphorus  than 
from  the  livers  of  normal  animals.^  It  is  a  well-known  fact  that 
"phosphorus"  livers  autolyze  more  rapidly  than  normal  livers,  and  it 
seems  probable  that  Taylor  was  dealing  with  a  tissue  that  was  in 
much  the  same  condition  as  the  tumor  just  described.  I  am  not  able 
to  see  in  these  results  any  good  reason  for  believing  that  fatty 
degeneration  involves  a  kind  of  proteolysis. 

Ttunor  No.  2.  —  Hypernephroma.  This  tumor  was  in  size  and  out- 
line much  like  a  normal  kidney,  except  that  it  was  much  flatter.  The 
thin  capsule  was  striped  off,  leaving  a  soft,  white,  cheesy  mass  of 
material  which  was  easily  ground  to  a  thin  pulp.  Cultures  showed 
this  pulp  to  be  free  from  bacteria.  After  extracting  the  pulp  for 
thirty  minutes  with  three  volumes  of  distilled  water,  a  few  drops  of 
acetic  acid  were  added,  and  the  mass  warmed  to  40°.  The  insoluble 
tissue-shreds  were  filtered  off  and  dried  (Residue  A). 

The  filtrate  contained  no  coagulable  proteid.  It  had  a  pale  straw 
color  with  the  characteristic  opalescence  of  a  glycogen  solution.  It 
showed  the  following  qualitative  reactions. 

1.  Adamkiewicz,  positive. 

2.  Tryptophan,  chlorine  water,  strong  reaction, 

3.  Biuret,  positive. 

4.  Millon,  positive. 

5.  Iodine  for  glycogen,  very  strong. 

6.  Fehling,  no  reduction. 

■  Chitteemden:  Anoalen  der  Chemie  upd  Pharmacie,  1875,  clxxviii.  p.  266. 
»  Taylor  :  Journal  of  medical  research,  1903,  ix,  p.  S9- 
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A  portion  of  the  filtrate  was  treated  by  the  method  of  Hopkins  and 
Cole'  to  separate  the  tryptophan.  The  mercury  precipitate  on 
decomposition  yielded  a  substance  which  gave  the  chlorine- water 
reaction  for  tryptophan.  From  another  portion  of  the  filtrate  the 
glycogen  was  removed  by  precipitating  with  alcohol;  on  concentra- 
tion of  the  glycogen-free  filtrate,  considerable  quantities  of  leucin  and 
tyrosin  crystallized  out. 

Raaidtto  A. 

Nitrogen.  —  0.3990  gm.  tissue  gave  0.037 j  K""-  nitrogen,  =  9-31 
per  cent. 

Fat. —  I.  10  gms.  tissue  gave  2-919  gms.  ether-sotuble  maleriaL 
3.  10  gms.,  digested  for  24  hours  at  40°,  with  0.3  per  cent  hydrochloric 
acid  and  pepsin,  gave  1.885  8""'-  ether-sotuble  material. 

This  fatty  substance  was  dissolved  in  alcohol  and  saponified  with 
sodium  alcoholate.  After  saponification,  it  was  evaporated  to  dryness 
on  a  water  bath,  the  residue  dissolved  in  water  and  shaken  out  with 
ether.  The  ether  extract  was  evaporated,  and  the  residue  washed  with 
cold  alcohol  containing  a  trace  of  hydrochloric  acid.  This  residue, 
dissolved  in  chloroform,  gave  the  color-reactions  of  cholestenn. 

'■475'^  V^^-  °f  the  original  fat  contained  0.2680  gm.  of  cholestenn, 
=  18  per  cent. 

The  fat  contained  a  small  amount  of  phosphorus,  indicating  the 
presence  of  lecithin,  the  content  of  which  was  not  determined. 

The  fat  constants  determined  for  the  ether-soluble  material  before 
the  separation  of  the  cholesterin  are  the  following: 

Acid  number,  39—. 
Saponification  number,  167. 
Iodine  number,  70.5. 

In  this  tumor,  as  in  number  one,  abundant  evidence  of  autolysis  is 
found.  The  unusual  quantities  of  glycogen,  fat,  and  cholesterin 
occurring  in  a  tissue  with  tryptophan,  leucin,  tyrosin,  and  other  pro- 
teid-cleavage  products  suggests  a  peculiar  metabolic  activity.  No 
coagulable  proteid  could  be  obtained  from  this  specimen.  Apparently 
there  is  a  continuous  fatty  degeneration  going  on  during  the  growth 
of  the  tumor. 

>  Hopkins  and  Cole  :  Journal  of  physiology,  1901,  xxvii,  p.  418. 


byGoogle 


The  Chemistry  of  Malignant  Growths.  143 

Tnmor  No.  3. — Angiosarcoma  from  the  leg.  This  tumor  had  under- 
gone a  profound  degeneration.  It  was  treated  in  the  same  manner  as 
the  two  previously  described.  The  pulp  was  free  from  bacteria.  The 
filtrate  free  from  the  coagulable  proteid  gave  the  following  reactions : 

I.  Milton,  positive. 

3.  Adamkiewicz,  positive. 

3.  Biuret,  strong  reaction. 

4.  Tryptophan,  chlorine  water,  negative. 

5.  Fehling,  no  reduction, 

6.  Iodine  for  glycogen,  doubtful. 

The  glycogen  reaction  was  so  peculiar  that  it  may  be  of  interest  to 
describe  it  briefly.  In  the  acid  filtrate  iodine  gave  a  greenish  color 
with  the  formation  of  a  precipitate  after  some  time.  When  the  solu- 
tion was  made  alkaline  with  sodium  carbonate,  a  blue  color  like  that 
of  the  starch -react  ion  was  obtained. 

The  proteids  were  removed  in  the  usual  way  by  the  Brucke-Kiilz 
reagent.  The  addition  of  alcohol  to  the  filtrate  gave  a  precipitate 
which  in  appearance  was  much  like  glycogen.  When  washed  and 
dried  the  precipitate  had  a  light-green  color.     It  reacted  as  follows: 

1.  In  neutral  solution  it  gave  with  iodine  a  greenish  color  which 
turned  blue  on  adding  sodium  carbonate. 

2.  When  warmed  a  few  minutes  with  dilute  acid,  and  then  tested 
with  iodine,  a  color  was  obtained  similar  to  that  given  by  glycogen. 

3.  After  boiling  with  dilute  hydrochloric  acid,  Fehling's  solution 
was  reduced. 

4.  It  contained  nitrogen,  but  gave  none  of  the  proteid  reactions. 
After  removal  of  the  glycogen-like  body  from  the  filtrate,  and  con- 
centration of  the  same,  leucin  and  tyrosin  crystallized  out. 

In  the  three  other  tumors  reported  in  this  paper  tryptophan  was 
identified  by  its  reaction  with  chlorine  water.  Possibly  the  reason 
it  was  not  found  in  this  case  is  the  fact  that  degeneration  had  pro- 
ceeded further.  As  far  as  I  know,  a  substance  having  the  behavior  of 
the  glycogen-Iike  body  has  never  been  described  before.  Its  re- 
actions suggest  a  colloid  carbohydrate  having  a  larger  molecule  than 
glycogen. 

Tamor  No.  4. — Round-celled  sarcoma  from  the  shoulder.  In  dis- 
tinction to  the  other  specimens,  tumor  number  four  was  a  tissue 
that  gave  no  macrovopic  evidence  of  degeneration.  Stained  sec- 
tions showed  a  small  beginning  degeiieration.     It  was  treated  like 
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the  others  by  hashing  and  extracting  with  water.  After  retnoval  of 
the  insoluble  tissue,  and  coagulating  the  proteid,  the  filtrate  gave  the 
following  reactions : 

Positive,  MiUon,  Adamkiewicz,  biuret,  tryptophan  (chlorine  water). 
Negative,  Fehling. 

After  precipitation  with  lead  acetate,  and  the  removal  of  the  lead 
in  the  usual  way,  the  filtrate  was  concentrated.  A  small  amount  of 
material  having  the  crystalline  appearance  of  leucin  separated,  but  no 
'  tyrosin  could  be  obtained. 

In  these  tumors  products  of  proteolysis  were  found,  and  the  tissue 
was  sterile  in  each  case.  The  degeneration  noticed  must  have  been 
one  of  autolysis.  Probably  the  main  reason  why  the  products  are 
found  in  such  abundance  is  the  impaired  circulation. 
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I.   Introduction. 

THE  temperature  of  the  healthy  human  body  normally  undergoes 
certain  changes  which,  when  graphically  expressed,  take  the 
form  of  a  curve,  the  characteristics  of  which  are  a  fall  in  temperature 
in  the  evening,  followed  in  succession  by  a  minimum  temperature 
somewhere  between  12  midnight  and  6  a.m.,  a  marked  rise  in  the 
morning  and  a  maximum  at  about  4  to  6  p.  h.  This  rhythmical  fluc- 
tuation has  long  been  observed  and  numerous  investigations '  have 
been  made  to  determine  the  constancy  of  the  periodicity,  the  time  of 
the  maximum  and  minimum,  the  total  range  of  temperature  aiid  the 
causes  of  the  fluctuations. 

An  examination  of  the  curves  published  by  the  numerous  writers 
shows  a  remarkable  persistency  in  general  of  the  salient  points  as 

'  PeuBKEY.inhis  article  onanimal  beat,  in  Schafek's Text-book  or  Physiology, 
189S,  i,  pp.  785-867,  has  given  an  excellent  resume  of  all  of  the  earlier  work  on 
body-letnperat  ure . 
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outlined  above,  and  consequently,  it  is  reasonable  to  assume  that  in- 
dividuality does  not  play  a  very  important  r6le  in  the  nature  of  the 
fluctuation,  although  it  is  to  be  said  that  individuality  must  not  be 
lost  sight  of  in  interpreting  any  single  series  of  observations  on  a 
single  subject.  Aside  from  the  sharp  coincidence  of  the  curves 
obtained  by  Jiirgensen  and  Liebermeister,^  perhaps  those  showing 
the  most  regularity  are  given  in  a  previous  article,'  in  which  the 
24-hour  curves  of  three  different  individuals  all  show  essentially  the 
same  general  conformation. 

Two  factors  have  noticeably  hindered  research  on  normal  tempera- 
ture fluctuations:  (l)  observations  during  the  night  arc  diflicult  to 
obtain,  and  accordingly  are  extremely  few  in  number;  and  (2)  inas- 
much as  the  whole  range  of  temperature  usually  observed  in  health 
is  rarely  over  2"  C,  the  usual  methods  of  thermometry  are  at  best 
ill-suited  for  this  special  investigation. 

By  means  of  a  combination  of  circumstances  which  obtain  in  this 
laboratory,  opportunity  is  offered  for  numerous  observations  of  body- 
temperature  during  the  night  hours,  in  connection  with  the  long 
series  of  metabolism  experiments  continually  in  progress  with  a 
respiration  calorimeter.  As  these  experiments  are  frequently  of  from 
nine  to  twelve  days'  duration,  a  series  of  continuous  temperature 
observations  of  the  subject  of  the  experiment  is  readily  obtained  by 
one  of  the  two  night -oh  servers.  Furthermore,  a  recently  devised 
electrical  resistance  thermometer,'  reading  to  0.01°  C,  offers  unusual 
opportunities  for   obtaining   normal   body-temperature   deep   in  the 


II.  Description  of  Thebmometebs. 
The  thermometer,  whicit  has  been  described  in  detail  elsewhere,* 
consists  briefly  of  a  resistance  coil  of  pure  copper  or  platinum  wire 
enclosed  in  a  pure  silver  tube.  The  ends  of  the  coil  are  soldered  to 
two  flexible  leads  passed  through  a  hard  rubber  plug  fitting  into  the 
end  of  the  silver  tube.  The  leads  and  hard  rubber  arc  covered  with 
pure  rubber  tubing  and  connection  is  made  by  soldered  joints  to  a 

>  JUrgenskn  and  LiEBERMEiSTER  :  Schafer's  Physiology-,  189S.  i,  p.  800. 
■  Benedict  and  Skell:  Archiv  fiir  die  gesammte  Physiologic,  190a,  xc,  pp. 
33-72- 

•  Benedict  and  Skell:  Archiv  fiir  die  gesammte  Physiologic,  rcwi,  baotviii, 
p.  402- 

*  Benedict  and  Snell;  Loc.  a'/. 
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two  or  three  metre  length  of  heavy  flexible  lamp-cord  whose  farther 
ends  are  provided  with  two  heavy  copper  wires  that  can  be  dipped 
into  mercury  cups.  The  whole  resistance  is  about  twenty  ohms,  and 
the  variations  in  resistance  produced  by  fluctuations  in  the  tempera- 
ture of  the  coil  are  rapidly  and  accurately  measured  by  means  of  a 
Wheatstone  bridge  and  D'Arsonval  galvanometer  of  special  con- 
struction. The  painstaking  care  and  mechanical  skill  of  Mr.  S.  C. 
Dinsmore,  mechanician  of  this  laboratory,  has  made  the  use  of  this 
form  of  thermometer  possible. 

CatibTstion  of  th«  tbonaomstar. — The  thermometer  is  readily  cali- 
brated by  immersion  in  a  bath  of  water  which  is  kept  at  a  constant 
temperature  by  hand-regulation  of  an  electric  heating  arrangement. 
A  metastatic  thermometer  of  the  Beckmann  type  is  so  set  that  37°  C. 
is  about  midway  on  the  scale,  and  immersed  in  the  bath.  Variations 
in  temperature  above  or  below  this  point  are  thus  readily  noted,  and 
by  observing  the  temperature  on  the  thermometer  and  the  reading 
of  the  galvanometer,  the  electrical  resistance  thermometer  can  be 
calibrated  in  a  very  few  minutes. 

It  has  been  found  most  advantageous  to  observe  the  amplitude  of 
the  first  deflection  on  the  galvanometer  instead  of  attempting  to 
balance  the  resistance  by  the  ordinary  slide-wire  bridge.  Variations 
in  temperature  of  the  bath  of  0.01°  C.  can  easily  be  detected.  Fur- 
thermore, as  the  variation  in  resistance  of  pure  copper  or  platinum 
increases  proportionally  with  the  temperature,  it  is  necessary  only  to 
calibrate  the  resistance  thermometer  at  two  points  on  the  mercurial 
thermometer  for  the  calibration  curve,  when  plotted,  is  a  straight 
line  connecting  these  two  points. 

For  securing  the  absolute  temperature,  the  suggestion  of  Richards  ' 
that  the  transition  point  of  the  deca-hyHratcd  sodic  sulphate,  32.383°  C, 
be  taken  as  the  zero  has  been  used  with  great  success.  A  metastatic 
thermometer  made  by  Fuess,  and  calibrated  by  the  Physikalisch-tcch- 
nische  Reichsanstalt  was  arbitrarily  set,  and  when  immersed  in  melting 
sodic  sulphate,  the  mercury  column  stood  at  0.671°.  With  corrections 
for  setting,  calibre,  and  projecting  mercury  thread,  37°  C.  was  found  to 
correspond  to  5.297".  With  this  thermometer  as  the  standard,  the 
Beckmann  thermometer  mentioned  above  was  calibrated  by  comparison 
in  the  water  bath.     It  was  found  that  37.0°  corresponded  to  3.414°. 

'  Richards:  Proceedings  of  the  American  Academy  of  Arts  and  Sciences, 
JMvtii,  pp.  43'-440- 
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The  Beckmann  therniometer,  which  is  one  oE  the  less  expensive 
makes  and  without  a  calibration  certificate,  is  kept  at  this  setting  for 
use  in  calibrating  the  resistance  thermometers,  and  having  been  once 
adjusted,  no  further  attention  is  required  to  obtain  the  true  tempera- 
ture of  the  bath  used  for  calibration.  The  writer  would  again  empha* 
si^e  the  great  advantage  of  the  use  of  the  transition  point  of  sodic 
sulphate  as  a  fixed  point  in  calibrating  thermometers  for  observations 
of  body-temperature. 

The  electrical  connections  are  such  that  by  the  use  of  one  mer- 
cury contact,  the  circuits  are  closed.  About  sixty  deflections  (milli- 
metres) on  the  galvanometer  scale  corresponds  to  1°  C,  and  readings 
are  readily  made  to  one-half  a  division. 

As  readings  taken  in  this  way  require  a  constant  voltage  in  the 
battery  circuit,  we  have  an  attachment  that  permits  adjustment  of 
the  voltage  by  variations  in  resistance  for  every  reading,  if  necessary. 
As  a  matter  of  fact,  with  two  ordinary  "  dry"  cells,  adjustments  are 
seldom  necessary  oftener  than  once  an  hour,  and  then  the  variations 
are  so  slight  as  to  affect  temperature-measurements  by  the  resistance- 
thermometer  by  less  than  0.01°.  Readings  are  usually  recorded 
every  four  minutes. 

Metboa  of  UBS.  —  In  practice  the  subject  coats  the  silver  tube  and 
several  centimetres  of  the  rubber-covered  connecting  wires  with 
vaseline,  and  the  thermometer  is  then  inserted  10-15  centimetres  in 
the  rectum.  The  flexible  cable  is  brought  out  through  the  clothes, 
and  connection  is  made  with  the  bridge  system  by  dipping  the  ter- 
minals of  the  cable  in  mercury  cups.  The  flexibility  of  the  whole 
thermometer  allows  almost  any  adjustment,  and  it  is  the  universal 
experience  of  all  subjects  that  after  five  minutes  they  are  unaware  of 
the  presence  of  the  thermometer  in  the  rectum.  With  such  a  ther- 
mometer the  subject  can  sleep  normally,  sit  in  any  position,  walk 
about  the  room  (returning  to  the  observer's  table  at  the  times  when 
observations  are  to  be  made),  or  even  ride  a  stationary  bicycle  or 
ergometcr,  all  with  no  discomfort. 

Of  especial  importance  is  perhaps  the  insurance  of  normal  sleep, 
for  obviously,  with  the  ordinary  clinical  thermometer,  rectal  tempera- 
tures during  sleep  can-  only  be  taken  at  the  expense  of  normal  con- 
tinued sleep. 

It  is  unnecessary  here  to  discuss  the  relative  advantages  of  the 
mouth,  axilla,  groin,  vagina,  or  rectum  as  localities  for  taking  body 
temperature,  for  it  is  conceded  by  all  physiologists  that  for  the  pur- 
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pose  of  physiological  experimentation,  only  temperatures  taken  deep 
in  the  body  trunk  (t.  e.,  in  the  rectum  or  vagina)  are  of  unquestioned 
value.  Doubtless,  the  temperature  of  the  urine'  at  the  moment  it  is 
voided  is  that  of  the  inner  body,  but  obvious  difScuIties  are  in  the 
way  of  using  this  method  for  continued  observations,  and,  valuable  as 
the  method  is  for  special  investigations,  it  is  impracticable  for  work 
of  this  nature. 


III.     Influences  Affecting  Normal  Bodv-Temferature. 

Among  the  possible  causes  of  the  normal  fluctuations  of  body- 
temperature,  muscular  activity,  ingestion  of  food,  sleep,  inanition, 
light,  external  temperature,  position  of  the  body,  may  be  mentioned. 
In  spite  of  the  numerous  investigations  on  the  eEfect  of  these  influ- 
ences, few  definite  conclusions  can  properly  be  drawn  from  the 
published  data,  and  the  whole  question  remains  practically  unsettled. 
Excessive  muscular  work  undoubtedly  produces  the  most  striking  and 
immediate  effects,  and  conclusions  regarding  its  etTcct  may  be  ad- 
judged as  apparently  definite,  while  the  other  possible  causes  are  so 
variable  and  slow  in  their  action  that  it  is  impossible  to  draw  any 
sharp  conclusions  regarding  their  individual  effects.  Recognizing 
that  the  daily  curve  may  be  a  composite  result  of  many  influences, 
the  total  effect  can  perhaps  be  studied  in  no  better  way  than  by 
inverting  the  daily  routine  of  life,  for  in  such  inversion  practically  all 
of  the  possible  causes  mentioned  above  would  be  disturbed  as  regards 
the  time  of  their  action.  Hours  of  sleep,  work,  light,  digestion,  etc., 
would  be  markedly  changed,  and  a  temperature-curve  taken  under 
such  conditions  would  be  expected  to  throw  much  light  on  the  causes 
of  the  daily  rhythm. 

Observations  on  the  influence  of  the  inversion  of  the  daily  routine 
are  limited  to  those  reported  by  Debczynski,^  Jaeger,'  U.  Mosso,* 
Buchser,'  and  a  series  made  in  this  laboratory.^ 

While  the  original  report  of  Debczynski's  results  is  not  accessible 

*  Stephen  Hales:  Statistical  essays,  London  (zd  ed.),  1731,  i,  p.  59. 

*  DehczYnski:  Abstract  in  Jahresbericht  der  gesammten  Medicrn,  1875,  x, 
p    148. 

■  Jaeger  :  Deutsches  ArchW  fur  klinische  Medicin,  r88i,  xxix,  p.  516. 

*  U.  Mosso:  Archives  italiennes  de  biolt^ie,  1887.  viii,  p.  177. 

*  BucHSER :  Quoted  from  Carter  :  Journal  of  nervous  and  mental  diseases, 
1890,  xvii,  p.  785. 

*  Benedict  and  Snell  :  Archtv  fiir  die  gesaronite  Physiologie,  1901,  xc,  p.  59. 
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to  the  writer,  it  is  inferred  from  abstracts  and  other  references  to  bis 
work  that  his  results  show  that  continuous  work  carried  on  through 
the  night  reversed  the  temperature-fluctuations,  causing  the  maxi- 
mum (37.8°)  to  appear  in  the  morning  and  the  minimum  (35-3°) 
in  the  evening.  He  furthermore  observed  that  night-watching  without 
muscular  work  had  a  similar  but  less  noticeable  effect,  causing  the 
maximum  temperature  (37-7°)  to  be  observed  in  the  morning  and 
the  minimum  (37.5°)  in  the  evening. 

Buchser,'  an  engineer  accustomed  to  night-work  and  sleep  during 
the  day,  found  that  his  body-temperature  averaged  37.25°  in  the 
morning  and  36.8°  in  the  evening. 

The  earliest  extended  investigation  into  the  effect  of  night-work 
was  that  of  Jaeger^  on  five  young  men  (military  bakers)  whose  life 
history  was  about  as  follows  : 

From  their  fourteenth  to  their  twentieth  or  twenty-first  year,  they 
had  been  engaged  in  their  trade  in  civil  capacity.  Their  work  began 
about  12-2  o'clock  at  night  and  continued  to  10-12  a.  h.  in  the  day. 
They  then  rested  till  6  p.  m„  after  which  followed  one  hour  of  light 
work.  They  slept  after  the  work  till  midnight.  After  one  year  of  mili- 
tary drill,  they  entered  the  military  bakery  in  September,  1879.  The 
observations  were  made  over  a  year  later  (November,  t88o).  The 
daily  routine  of  the  military  bakers  was  as  follows :  They  worked 
from  3  A.  M.  to  4  p.  M,  in  a  heated  room  (3i''-44''  C),  with  occasional 
quarter-hour  rests,  during  which  the  meals  were  taken.  They  had  no 
work  from  4-7  p.m.  From  7-8  p.  m.  they  had  light  work  (preparing 
dough),  and  from  8  p.  m.  to  3  a.  m.  they  slept. 

From  the  results  of  these  observations,  Jaeger  concluded  that  night- 
work  could  cause  an  inversion  of  the  temperature-curve.  However, 
these  experiments  are  inconclusive  for  three  reasons, 

1.  The  bakers  slept  usually  from  8  p.  h.  to  3  a.  h.,  and  consequently 
such  hours  of  rest  cannot  be  considered  as  an  inversion  of  the  daily 
routine  of  life,  but  rather  as  instances  of  unusually  early-rising. 

2.  While  the  influence  of  external  temperature  is  but  little  under- 
stood, it  is  natural  to  question  the  value  of  a  temperature-curve  made 
up  of  observations  a  part  of  the  time  in  a  room  where  the  temperature 
varied  from  31°  to  44°  C.  (waking  hours),  and  the  rest  of  the  time  in 
normal  room-temperature,  ('.  e„  from  ro"  to  25°  lower,  when  submitted 
as  evidence  on  the  influence  of  night-work  on  the  daily  temperature- 
fluctuation. 

'  Buchser  :  Lee.  cit.  '  Jaeger  :  Lee.  eit. 
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3.  An  actual  comparison  of  temperature-curves  obtained  on  the 
five  military  bakers  with  eleven  young  soldiers  in  bed  (observations 
also  made  by  Jaeger)  shows  the  characteristic  features  of  the  normal 
temperature,  i.e.,  evening  fall,  minimum  during  the  night  and  morn- 
ing rise  to  be  present  in  both  curves,  though  with  the  bakers  the 
maximum  occurs  at   10  a.m. 

In  1885,  U.  Mosso'  made  a  series  of  observations  on  himself  to 
study  the  effects  of  night-work  and  sleep  during  the  day.  By  observ- 
ing the  rectal  temperature  for  several  days,  under  his  usual  routine  of 
life,  he  obtained  his  normal  curve.  During  this  period  he  slept  from 
II  p.  H.  to  6  A.  H.  Two  meals  were  taken,  one  at  11  a.  h.,  and  the 
heartier  meal  was  taken  at  6  p.  h. 

During  the  second  period  he  worked  at  night  and  slept  during  the 
day  from  1 1  a.  m.  to  6  p.  m.  The  meals  were  taken  at  11  p.  h.  and 
6  A.  M.  During  practically  the  whole  experiment,  he  remained  in  a 
room  at  the  temperature  of  from  12°  to  17°,  and  when  awake,  he  spent 
the  greater  part  of  the  time  seated  at  a  table  reading  or  writing. 
This  routine  was  continued  for  four  days.  In  spite  of.  the  inver- 
sion of  the  daily  routine,  he  found  that  the  morning  rise  still  took 
place  at  about  the  same  time,  and  that  the  normal  curve  was  not 
inverted.  However,  sleep  during  the  day  caused  a  marked  fall  and 
getting  up  in  the  evening  a  noticeable  rise  in  temperature.  This 
rise  was,  in  at  least  three  of  the  four  days  of  inverted  routine,  fol- 
lowed shortly  by  a  marked  fall  comparable  to  the  "evening  fall." 

In  this,  the  most  systematic  of  the  earlier  researches,  we  find  no 
evidence  to  imply  that  the  inversion  of  the  daily  routine  would  pro- 
duce an  inversion  of  the  temperature-curve. 


IV,  Experiments  on  the  Influence  of  the  Inversion  of  the 
Daily  Routine. 
Experiments  on  the  effect  of  the  inversion  of  the  daily  routine 
may  be  made  in  two  ways.  A  subject,  usually  working  during  the 
day  and  sleeping  during  the  night,  may  be  made  to  do  the  work  at 
night  and  sleep  during  the  day  for  a  series  of  consecutive  days,  and 
the  effect  on  the  regular  temperature-curve  observed.  Such  an 
experiment  was  made  by  Mosso.  Or  a  series  of  observations  may  be 
made  on  persons  long  accuittomed  to  night-work. 

'  U.  Mosso;  Loc.eit. 
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Experlmant  of  1901,  with  O.  w.  H.  —  A  ten-day  experiment  on  the 
first  plan  was  made  in  this  laboratory  in  January,  1901,  on  G.  W.  H. 
who  served  as  night-observer  in  connection  with  the  metabolism 
experiments  with  the  respiration-calorimeter.  Several  days  before 
the  metabolism  experiment  began,  a  twenty-four-hour  "normal" 
curve  (Curve  I)  was  obtained,  in  which  the  subject  slept  during  the 
night  and  worked  during  the  day  as  usual.  The  form  of  thermometer 
used  in  these  experiments  allowed  the  night-observer  to  record  his 
own  rectal  temperature  with  the  same  facility  as  he  did  that  of  the 
subject  of  the  regular  metabolism  experiment.  Consequently,  on  ten 
consecutive  nights  of  night-work,  the  curves  were  obtained  by  the 
.  subject  himself  from  6.30  p.  m,  to  7.30  a,  m.  At  8.40  a.  m.  on  the  last 
day,  the  subject  went  to  sleep  in  the  calorimeter-chamber  (which 
was  vacated  hy  the  subject  of  the  metabolism  experiment  at  7.00  a.  m.), 
and  the  temperature-observations  were  continued  by  another  observer 
until  6.00  p.  M.,  thus  giving  a  continuous  twenty-four-hour  record  of 
the  rectal  temperature  after  ten  nights  of  night-work.  The  individual 
curves  for  the  ten  successive  nights  are  published  elsewhere,'  but  in 
this  connection,  the  two  following  curves  arc  given  : 

7SBI0I112  1    IS    ISU    TB    B  10 11 13  I    13    4    SAT 


CUKVE  I.  — Flucti 
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Curve  II.  — Fluctuationi  in  l>odj-iemperature  of  G.  W.  H.  on  ihe  tenth  daj  of 

of  Ihe  daily  routine. 

The  temperature-fluctuations  during  the  nine  days  preceding  that 
of  Curve  II  were  not  observed,  as  the  subject  slept  outside  of  the 
laboratory  on  all  save  the  last  day. 

'  Benedict  and  Snell:  Archiv  fiir  die  gesammte  Physiologic,  1902,  xc  pp. 
61-67. 
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While  Curve  II  cannot  in  any  way  be  said  to  be  an  inversion  of 
Curve  I,  it  is  obvious  that  the  normal  curve  has  undergone  profound 
alterations  as  a  result  of  the  change  in  routine  of  daily  life. 

Obviously  numerous  objections  could  legitimately  be  raised  to  any 
general  discussion  of  the  subject  after  a  single  experiment  of  this 
nature,  and  furthermore,  it  must  be  noted  that  in  at  least  one  impor- 
tant particular  the  life  of  the  subject  during  the  days  of  this  experi- 
ment was  not  a  normal  inversion,  i.e.,  the  hours  of  sleep  were  not 
coincident  with  a  twelve-hour  difference  from  the  ordinary  period  of 
rest,  since,  in  general,  the  sleeping  period  began  at  8.30  in  the  morn- 
ing, instead  of  at  10.00  or  11.00  a.  m.,  and  what  is  perhaps  more  impor- 
tant, the  hours  of  sleep  were  much  shorter  than  the  usual  eight  hours 
taken  by  the  subject  normally.  In  the  whole  period  of  the  experiment, 
the  sleep  was  seldom  of  six  hours'  duration,  and  more  frequently  four 
or  even  less.  On  the  day  in  which  Curve  II  was  obtained,  the  sub- 
ject slept  soundly  in  the  darkened  respiration-chamber  with,  however, 
normal  ventilation  and  temperature-conditions,  for  about  six  hours. 

Bxpeiiiii«nt  of  1902,  with  o.  W^.  H.  —  During  the  month  of   April, 
1902,  opportunity  was  had  to  repeat  a  portion  of  the  earlier  experi- 
ment with  G.  W.  H.,  in  that  a  metabolism  experiment  with  the  respi- 
ration calorimeter  demanded  night- 
work  for  twelve  consecutive  nights. 
On  the  twelfth  night  of  this  work,  a 
curve  was  obtained  from  G.  W.  H. 
that  is  given  herewith.     It  was  im- 
possible to  make  the  curve  complete 
by     continuing     the     observations 

during    the    sleep    of    the    day,   and    Curve  m.- Fluctuations  [n  body-tem- 
^,      ^,  .  .     .         J   ^       ^  peraiure  of  G.   W.   H.  during  the 

consequently  this  omission  detracts        \^^^^^^  ^^^^^  ^  i„„^^,^j  ^„„^f„^  ^^ 

considerably  from  the  value  of  the        life. 

observations. 

The  rapid  fall  in  temperature  from  6.40  p.  m.  to  7.30  p.  m.  is  followed 
by  a  period  of  more  nearly  stationary  temperature,  a  gradual  regular  fall 
completing  the  characteristic  "evening  fall"  beginning  at  8.50  p.  m. 
and  continuing  without  noticeable  break  until  the  minimum  for  the 
night  is  reached  at  11.35  p-  "■  A  two  and  one^half  hour  period  of 
slowly  rising  temperature  is  followed,  at  2  a.  m.,  with  a  sharp  fall, 
and  after  an  hour  of  nearly  stationary  temperature,  the  regular  morn- 
ing rise  commences  at  4  a.  h.  A  marked  rise  during  two  hours  is 
followed  from  6  to  7  a.  m.  by  a  period  of  nearly  stationary  temperature. 
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The  whole  course  of  the  curve  is  strikingly  stmitar  to  that  of  the 
first  twelve  hours  of  Curve  I. 

The  fluctuations  in  temperature  range  from  36.74°  to  37.65"  or 
0.91",  the  average  temperature  for  the  period  of  observation  being 
37.12°.  The  maximum  temperature  was  observed  almost  immedi- 
ately after  the  experiment  began,  1.  e„  6.40  p.  M„  and  is  doubtless  to 
be  accounted  for  by  the  immediately  preceding  period  of  muscular 
activity  on  the  part  of  the  subject,  resulting  from  the  hurried  walk 
from  the  dinner-table  to  the  laboratory.  The  minimum  for  the 
night,  36.74°,  was  observed  at  11.35  P-  "■ 

With  this  subject  the  daily  routine  of  life  during  the  experiment 
was  approximately  as  follows:  on  entering  the  laboratory  in  the 
evening,  the  thermometer  was  inserted,  and  the  subject  immedi- 
ately began  the  duties  of  the  night-observer.  These  consisted  of 
making  written  records  every  four  minutes  of  numerous  read- 
ings of.  mercurial  thermometers,  deflections  of  a  galvanometer, 
and  of  the  muscular  activity  of  the  subject  in  the  respiration- 
calorimeter  in  addition  to  a  continuous  alteration  of  resistances 
in  electrical  circuits  and  flow  of  water  through  pipes  used  to  heat 
and  cool,  respectively,  various  sections  of  the  calorimeter.  The  work, 
while  not  "  muscular"  in  any  sense,  demands  continued  attention  of 
the  observer  and  precludes  any  dozing.  For  the  greater  portion  of 
the  time  the  observer  remains  seated  in  a  revolving-chair,  though 
occasionally  he  is  required  to  walk  to  other  parts  of  the  room  in  con- 
nection with  minor  duties.  About  1  a.  m..  a  lunch  is  eaten.  After 
leaving  the  laboratory  in  the  morning,  the  subject  eats  breakfast  and 
immediately  goes  to  bed.  The  sleep  is  abnormally  short  and  not 
undisturbed,  for,  in  general,  no  regular  sleep  is  obtained  after  1  p.  m. 
The  time  until  the  evening  meal  is  taken,  is  occupied  in  reading  or 
writing  with  an  occasional  short  walk.  The  meal  at  6  p.  m.  is  fol- 
lowed by  a  short,  brisk  walk  to  the  laboratory,  where  the  night  duties 
are  again  entered  upon. 

The  subject  when  not  engaged  as  assistant  in  calorimeter  observa- 
tions lives  the  life  of  the  average  college  student.  He  is  179  centi- 
metres high,  weighs  73  kilos,  without  clothing,  and  at  the  time  of 
this  experiment  was  twenty  years  old.  He  has  always  been  in 
excellent  health.  His  previous  experience  as  a  night-worker  was  as 
follows :  He  worked  in  December,  igoo,  six  nights ;  in  January,  1901 , 
ten  nights;  in  February,  1901, ten  nights;  in  May,  1901,  ten  nights; 
and  in  March,   1902,  seven   nights.     Aside   from    these   periods  of 
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night-work,  each  of  which  consisted  of  consecutive  nights,  he  acted 
as  night-observer  in  a  number  of  shorter  periods  of  one  or  two 
nights:  May,  1901,  one  night;  March,  1902,  two  periods  of  two 
nights  each  ;  and  April,  1902,  one  night. 


V.    General    Discussion    of    Results    of    Experiments    with 
G.  W.  H. 

It  is  obvious  that,  at  least,  with  this  subject,  the  influence  of  the 
inversion  of  the  daily  routine  on  the  body  teraperature-curve  is 
noticeable  only  during  the  day,  for  while  the  evening  fall,  the  early 
morning  minimum,  and  the  morning  rise  persist,  the  period  of  sleep 
during  the  day  causes  a  marked  fall  of  temperature,  followed  by  a  rise 
on  awakening. 

The  effect  of  ten  consecutive  nights  of  night-work  has  not  there- 
fore succeeded  in  producing  any  marked  disturbance  of  the  curve 
between  6  p.  h.  and  8  a.  m.  By  repeating  the  experiment  and  obtain- 
ing a  curve  after  twelve  consecutive  nights  of  night-work,  no  greater 
tendency  to  influence  the  normal  course  of  the  curve,  even  after  the 
somewhat  longer  period  of  work  by  night  is  apparent. 

While  the  data  of  these  two  curves  may  warrant  our  regarding  the 
temperature-curve  between  7  p.  m.  and  8  A.  m.  in  a  general  way  as 
fixed  and  independent  of  sleep  or  work  (exempting  severe  muscular 
work),  the  curve  during  the  remainder  of  the  twenty-four  hours,  /.  e., 
8  A.  H.  to  7  p.  H.,  undergoes  marked  alterations  when  sleep  is  taken  in 
this  period.  The  rapid  fall  in  temperature  noticeable  after  the 
subject  has  gone  to  bed  at  8.40  a.  m.,  is  the  counterpart  of  that 
observed  under  similar  conditions  in  Curve  I,  when  the  subject  went 
to  bed  at  I  r  p.  m. 

The  fall  in  the  former  case  is  indeed  even  greater  than  in  the 
latter,  though  the  observed  temperature  at  the  end  of  the  fall  is  still 
a  few  hundredths  of  a  degree  above  the  lowest  observed  during  the 
twenty-four  hours,  i.e.,  36.78°  at  12,55  a.  m.  The  maximum  for  the 
day  is  in  the  morning  at  8  a.m., rather  than  the  late  afternoon, 
though  the  rise  in  temperature  after  the  day's  sleep  continues  till,  at 
4.24  p.  H.,  it  is  within  ai2°  of  the  morning  maximum.  While  the 
average  temperature  of  the  night  period  in  Curve  II  is  37.04°  and 
that  of  Curve  III  is  37.15°,  somewhat  higher,  neither  of  these  temper- 
atures can    be  considered    as    approximating   the   febrile    condition 
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(37.80°)  obtained  by  Mosso  after  four  days  of  the  inversion  of  the 
daily  routine. 

Thus  it  is  difficult  to  designate  as  abnormal  any  of  the  conditions 
of  life  of  this  subject  other  than  the  short  hours  of  sleep.  Moreover, 
the  uniformity  of  the  two  curves  taken  over  a  year  apart,  the  one  after 
ten  days'  inversion  of  the  daily  routine,  and  the  other  after  twelve 
days  of  night-work  and  sleep  during  the  day,  leads  us  to  believe 
that  these  curves  are  not  abnormal  for  the  given  conditions  of  sleep 
and  work.  When  the  conformation  of  these  curves  is  compared  with 
that  obtained  when  the  subject  is  working  during  the  day  and  sleep- 
ing during  the  night,  we  find  a  striking  similarity  that  is  not  easy  to 
explain,  for  the  evening  fall,  minimum  during  the  night,  and  morning 
rise  persist  in  all  cases,  whether  the  subject  goes  to  bed  at  1 1  p.  w., 
and  sleeps  the  usual  number  of  hours  till  7  a.  h.,  or  whether  he 
busies  himself  as  night-observer  in  a  metabolism  experiment  with  the 
respiration  calorimeter,  and  sleeps  during  the  forenoon. 


VI.  Experiments  with  Night-Wokkers. 

If  (as  is  seen  above)  the  general  form  of  the  night-curve  is  so 
firmly  fixed  that  it  is  not  materially  altered  even  after  an  inversion  of 
the  daily  routine  for  ten  and  twelve  days,  respectively,  it  would  seem 
obvious  that  experiments  of  this  nature  are  not  best  adapted  for  a 
study  of  this  problem,  and  that  we  should  resort  to  experiments  on 
subjects  who  have  been  accustomed  to  a  complete  inversion  of  the 
daily  routine  for  periods  not  of  days  or  weeks  but  of  years.  Fur- 
thermore, such  experiments,  in  order  to  have  their  greatest  value, 
should  be  made  on  subjects  whose  daily  routine  of  life  Is  no  more 
frequently  "  inverted  "  by  night-sleep  and  day-work  than  is  that  of 
the  ordinary  individual  by  day-sleep  and  night-work.  With  this  in 
mind,  it  is  easily  seen  that  but  comparatively  few  individuals  can  be 
found  whose  habits  of  life  conform  to  such  conditions.  Practically 
all  night-workers  have  either  days  or  "nights  off"  frequently  — 
generally  once  a  week — in  which  the  hours  of  sleep  and  rest  are 
very  materially  different  from  those  of  the  other  six  days  of  the  week. 
In  seeking  subjects  for  this  investigation,  therefore,  it  was  necessary 
to  find  one  who  approximated  as  closely  as  possible  the  ordinary 
routine  of  the  average  individual  save  that  the  whole  routine  differed 
by  twelve  hours. 

Such  individuals  may  be  found  principally  among  night-watchmen. 
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though  occasionally  such  regularity  of  life  may  be  found  among 
nurses  or  attendants  in  hospitals. 

B^MTlmeat  of  1903,  witb  A.  B.  —  Owing  to  the  kindness  of  Mr.  F. 
Perry  Hubbard  of  the  Rogers  and  Hubbard  Manufacturing  Company 
of  Middletown,  Connecticut,  arrangements  were  completed  so  that 
the  regular  night-watchman  of  the  factory  of  this  company  was  avail- 
able for  temperature-observations  on  October  24th  and  25th. 

The  subject,  A.  S.,  was, a  German,  forty-four  years  old,  weight 
65  kilos,  height  153  centimetres.  He  was  apparently  in  excellent 
health,  and  stated  that  the  last  medical  attendance  was  for  a  boil  in 
the  left  axilla  five  years  before.  His  experience  as  night-watchman 
covers  a  period  of  eight  years,  of  which  the  last  five  have  been  of 
uninterrupted  service  in  the  present  position.  The  service  demanded 
of  him  requires  his  presence  at  the  factory  every  night  throughout 
the  year.  Three  nights  each  year,  two  of  which  are  consecutive,  the 
subject  procures  a  substitute.  Other  than  during  this  brief  vacation, 
the  routine  of  each  night  is  followed  as  outlined  beyond. 

His  duties  as  night-watchman  require  him  to  be  at  the  factory  at 
5.45  p.  M.  Every  hour  a  tour  of  all  the  buildings  is  taken,  and  the 
usual  watchman's  time-clock  is  a  check  on  the  faithfulness  of  the 
performance  of  this  duty.  Each  tour  occupies  exactly  twenty-five 
minutes,  and  it  is  estimated  that  during  the  course  of  the  night  a 
distance  of  twelve  miles,  some  of  which  is  going  up  and  down  stairs, 
is  travelled.  Between  tours  the  subject  has  minor  duties  that  occupy, 
each  night,  a  total  of  about  one  hour's  time.  Once  a  week  the  boilers 
are  cleaned,  requiring  one  hour's  time. 

When  not  occupied  in  inspecting  the  factory  or  other  set  duties, 
the  subject  reads  in  the  office,  or,  if  the  weather  is  good,  he  goes 
outdoors  and  smokes.  The  subject  spends  considerable  time  out  of 
doors  in  this  way,  as  he  finds  it  easier  to  keep  awake  when  so  doing. 

Rarely  he  falls  asleep,  and  if  a  tour  is  missed,  it  is  almost  always 
that  at  2  A.  M.  Furthermore,  if  this  happens  one  night,  especial 
vigilance  is  necessary  to  prevent  its  occurrence  the  next  night.  The 
subject  does  not  make  it  a  practice  to  take  naps  between  tours, 
finding  it  difficult  to  rely  on  waking  at  the  proper  moment. 

The  subject  gets  home  at  6.40  a.  h.,  and  has  a  breakfast  usually  of 
two  eggs,  coffee,  and  bread  at  7.15.  Until  11.45  he  is  occupied  with 
general  work  about  the  house,  having  a  small  poultry  business. 
After  a  light  meal  of  cheese,  bread,  and  a  bottle  of  beer  at  1 1 .45  a.  m., 
the  subject  goes  to  bed  at  12.     The  sleep  is  not  as  sound  or  undis- 
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turbed  zi  when  taken  during  the  night.  The  subject  stated  that  the 
sleep  obtained  in  the  laboratory  during  the  two  experiments  reported 
here  was  deeper  than  he  had  experienced  during  the  day  in  his 
recollection.  After  being  awakened  at  5  p.  m.,  a  warm  meal  is  taken 
and  the  factory  reached  at  5.45  p.  m.  Occasionally  a  slice  or  two  of 
bread  with  a  piece  of  cheese  is  eaten  during  the  night. 

After  a  three-quarter  mile  ride  on  the  bicycle  from  the  house  to 
the  laboratory  on  October  24th,  the  sutiject  entered  the  laboratory, 
inserted  the  rectal  thermometer,  and  observations  of  body-tempera- 
ture began  at  5.42  p.  h.  With  almost  no  omissions,  the  temperature 
was  recorded  every  four  minutes  until  1 1 ,30  p.  m.,  October  25th.  The 
temperature  of  the  laboratory  was  kept  practically  constant  at  20°  C. 
during  the  whole  experiment.  To  throw  light  on  the  possible  effect 
of  body-position  and  muscular  activity,  a  careful  record  was  kept  of 
the  occupation  of  the  subject  all  through  the  experiment,  A  sum- 
marized statement  of  such  movements  is  as  follows : 

Sitting  from  5.42  p.  M.-8.02 ;  standing  and  walking,  8.02-8.38; 
silting,  8.38-8.54;  standing  and  walking,  8.58-10.22  ;  sitting,  10.26- 
11.10;  standing  and  walking,  ii.io  p.  m.— 12.14  a.  h.  ;  sitting,  12.18- 
12.26;  standing  and  walking,  12.30-1.58;  sitting,  r. 58-2.26  ;  walk- 
ing, 2.26-3.34;  sitting,  3.38-4.06;  standing,  4.10-5.34;  sitting, 
5.34-6.02  ;  standing,  6.02-7.46;  eating  breakfast,  7.50-8.02;  walk- 
ing, 8.06-9.02;  sitting,  9.02-10.22;  goes  to  bed,  10.30;  sleeping, 
10.30  A.  M.-S.58  p.  M. ;  walking,  6.02-6.18;  eating,  6.18-6.34;  stand- 
ing and  walking,  6.38-11. 00;  sitting,  11.00-11.34,  when  the  experi- 
ment ended. 

At  3  A.  M.  and  again  at  5  a.  m.,  the  subject  ate  one  roll.  The 
breakfast  at  7.50  a.  m.  consisted  of  one-half  mutton  chop,  two  large 
cups  black  coffee,  and  two  slices  of  bread.  Supper  at  6.t8  p.  m.,  con- 
sisted of  steak,  fried  potatoes,  coffee,  and  bread,  and  was  the  heartiest 
meal  of  the  day. 

Although  the  subject  said  that  he  had  slept  unusually  well,  it  was 
observed  that  at  no  time  was  the  body  in  perfect  repose  for  more 
than  twenty  consecutive  minutes,  although  the  movements  were  not 
such  as  characterize  the  sleep  as  distinctly  abnormal.  Indeed,  the 
rate  of  respiration,  deep  breathing,  ^nd  low  pulse-rate,  as  well  as 
the  statement  of  the  subject  himself,  would  indicate  deep  sleep.  The 
incidental  observations  during  the  sleeping  period  are  here  given. 

11.52  A.  M.,  15^  respirations  per  minutes;  12.47  P-  M.,  respiration- 
rate,  12;  3.03,  respiration-rate,  12;  3.26,  respiration-rate,  12;  3.30, 
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moved  and  asked  observer  the  hour;  3.53,  respiration-rate,  \\\; 
4.15,  sleeping  very  heavily;  5.46,  awake  and  talking.  Pulse,  58; 
5.58,  out  of  bed. 

The  exercise  indicated  by  the  word  "  walking  "  consisted  of  stand- 
ing and  moving  about  in  one  end  of  the  laboratory  room,  at  no  time 
going  more  than  8-10  feet  from  the  observer's  table.  Walking  is 
meant  to  signify  more  that  the  subject  was  not  standing  perfectly 
still,  than  that  he  was  pacing  about  the  room.  For  the  most  part  it 
consisted  of  a  shifting  of  the  weight  from  one  leg  to  the  other, 
accompanied  by  an  occasional  step  or  two,  and  must  not  be  inter- 
preted as  continuous  motion  of  forward  progression. 

When  sitting,  the  subject  read  for  the  most  part,  while,  when 
standing,  he  was  frequently  in  more  or  less  active  conversation  with 
the  observers.  While  sitting,  and  just  before  the  experiment  closed 
at  1 1.24  p.  M.,  the  pulse  was  74. 

The  temperature-observations,  which  were  taken  every  four 
minutes,  are  given  in  Curve  IV,  although  the  scale  of  the  curve  is 
not  such  as  to  render  the  minor  fluctuations  significant. 
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Curve  IV.  —  Fluctuations  in  body-temperature  of  A.  S.    (October,  1903). 

The  rapid  fall  observed  immediately  after  the  experiment  began 
may  be  attributed  to  the  cessation  of  the  rather  active  muscular 
exercise  involved  in  the  short  bicycle  ride  to  the  laboratory.  During 
this  period  the  subject  was  sitting  in  a  chair  near  the  observer's 
table.  The  rise  beginning  at  S  p.  M.  is  coincident  with  the  upright 
position  assumed  by  the  subject,  which  was  continued  till  8.38,  when, 
on  being  seated,  a  slight  fall  in  temperature  is  noted.  Standing  at 
8.54  is  coincident  with  a  resumption  of  the  upward  tendency.  The 
sharp  fall  at  to.22,  continuing  until  1 1. 10,  took  place  while  the  subject 
was  seated.  The  minimum  temperature  for  the  night  period  was 
reached  at  2.26  A.  h.,  after  the  subject  had  been  seated  about  one- 
half  an  hour.  Two  hours  later,  the  temperature  fell  nearly  to  the 
same  point,  though  during  this  period,  the  subject  was  standing  or 
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walking.  The  general  morning  rise  is  broken  by  two  periods  of  falling 
temperature  from  5.45-6,10  A.  M.  and  from  7.26-8.06  a.  h.,  during  both 
of  which  periods  the  subject  was  seated.  The  sharp  rise  of  0.48° 
from  8.06-9.02  A.  M.  was  coincident  with  a  period  in  which  the  subject 
was  standing  or  walking. 

The  maximum  of  the  forenoon  is  reached  at  9.02,  when  the  subject 
again  sat  at  the  desk  and  read.  The  temperature  fell  during  the  next 
hour  0.49°.  A  slight  rise  accompanied  the  preparations  for  going  to 
bed,  and  one  of  the  most  striking  features  of  this  curve  is  the  absence 
of  the  noticeable  fall  in  temperature  on  retiring.  The  slight  fall  here 
observed,  amounting  to  about  0.22°,  is  in  no  way  comparable  to  that 
obtained  with  all  other  subjects  in  this  laboratory  after  going  to 
sleep.  The  progress  of  the  curve  during  sleep  is  without  special 
feature  until  the  marked  fall,  beginning  at  3.40  P.  m,  and  continuing 
till  4,50.  It  is  also  noteworthy  that  from  4.50-5.45,  the  body-tem- 
perature,  the  lowest  observed  during  the  whole  experiment,  was 
constant  to  within  0.02°,  a  longer  period  of  constancy  than  we  have 
ever  before  observed. 

On  awakening  the  usual  sharp  rise  is  observed  which  continued 
uninterrupted  till  7.55,  after  which  follows  a  two-hour  period  of  slowly 
rising  temperature.  Although  the  subject  was  standing  and  walking 
from  6.38-ri.oo  p.  M.,  a  fall  in  temperature  is  noted  at  9.30  p.  m.,  the 
upward  tendency  of  the  curve  being  resumed  at  10.00  p.  h.  At 
11.04  !*■  H.  a  sharp  fall  begins,  which  continues  till  the  end  of  the 
experiment.  During  this  last  period,  the  subject  was  seated  and 
reading. 

Omitting  the  period  of  high  temperature  during  the  first  few  minutes 
of  the  experiment,  the  temperature  is  high  at  9.48  p.  m.,  9,00  a,  m,,  and 
again  at  11.00  p.m.  The  lowest  temperatures  are  observed  at  2.26  a.  m, 
and  450-5.45  P.M.  The  average  temperature  for  the  whole  period 
(thirty  hours),  5.45  p.  m.,  October  24th,  to  1 1.30  p.  m.,  October  25th, 
is  36.76°.  The  average  temperature  for  the  night  period,  7  p.  m,-7  a.  m., 
is  36.76°,  and  the  average  temperature  for  the  last  twenty-four  hours  of 
the  experiment,  U.30  P.  m.-i  1.30  p.  m.,  is  36.70°.  The  minimum  tem- 
perature is  36.30°,  and  the  maximum  37.50°,  showing  a  temperature- 
fluctuation  during  the  whole  experiment  of  1.20°.  If,  however,  the 
first  eighteen  minutes  of  the  experiment  are  rejected,  the  maximum  is 
37.30°,  and  consequently  the  total  temperature  difference  is  1°.  The 
high  temperature  incidental  to  the  work  of  riding  the  bicycle  to  the 
laboratory  justifies  the  rejection  of  these  preliminary  readings. 
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While  it  is  obviously  next  to  impossible  to  produce  an  exact  inver- 
sion of  the  daily  routine,  it  is  believed  that  the  daily  life  of  this  sub- 
ject is  as  close  an  approximation  to  a  perfect  inversion  as  can 
ordinarily  be  secured.  For  while  many  night-workers  sleep  in  the 
forenoon,  which  corresponds  to  sleep  during  the  early  evening,  and 
rise  in  the  early  afternoon,  corresponding  to  rising  at  from  2-4  a.  m., 
this  subject  sleeps  ordinarily  from  12  noon  to  5  p.  m.,  and  on  the  day 
of  the  experiment,  from  10.30  a.  m.  to  6,00  p.  m.,  a  custom  correspond- 
ing more  nearly  to  the  hours  usually  spent  in  sleep  by  the  average 
individual. 

With  this  subject,  as  with  G-  W.  H.,  it  is  to  be  noted  that  the 
hours  of  sleep  are  very  much  less  than  that  usually  taken  by  the 
average  man.  Usually,  the  subject,  A.  S.,  is  in  bed  but  five  hours, 
and  in  allowing  him  to  sleep  longer  than  usual,  it  may  be  said  (hat 
this  temperature-curve  is  not  normal  for  this  subject.  The  disturb- 
ance of  the  temperature-curve  that  may  result  from  an  unusually  long 
period  of  sleep  is  probably  no  greater  than  that  of  the  enforced  mus- 
cular inactivity  required  of  all  subjects  of  experiments  on  body- 
temperature.  Furthermore  as  the  object  of  research  of  this  nature  is 
not  so  much  to  obtain  a  curve  that  may  be  designated  as  "  normal  " 
for  any  individual,  as  it  is  to  study  the  influence  of  the  various  factors 
that  determine  the  course  of  the  regular  temperature-curve,  the 
enforced  muscular  inactivity  and  the  longer  period  of  sleep  should 
not  be  considered  only  as  disturbing  factors.  As  will  readily  be  seen 
later,  these  .ipparent  abnormalities  aid  materially  in  interpreting  the 
cause  of  the  various  curves.  It  is  especially  significant  that  had  the 
subject  been  waked  five  hours  after  going  to  sleep,  the  minimum 
temperature  for  the  day  would  probably  have  been  that  observed  at 
2.25  A.  M.,  and  the  long  period  of  low  temperature,  from  4.50  p.  m.- 
5.45  P.  M„  would  not  have  been  observed. 

The  arrangement  of  the  meals  with  this  subject  is  markedly  differ- 
ent from  that  of  ordinary  life,  for  while  the  breakfast,  in  this  particular 
case  the  heartiest  meal  of  the  day,  is  taken  at  5.15  p.  m.,  there  is  no 
regular  meal  till  fourteen  hours  later,  i.e.,  7.15  a.m.,  and  the  lightest 
meal  of  the  day  is  taken  just  before  retiring,  at  1 1.45  a.  m.  In  so  far 
as  the  ingestion  of  food  influences  body- temperature,  it  is  necessary, 
therefore,  to  bear  in  mind  the  fact  of  the  unusual  times  of  eating 
when  interpreting  this  curve,  although,  as  is  seen  from  the  record  on 
p.  157,  the  meal  hours  during  the  experiment  did  not  coincide  with 
those  of  the  usual  day  with  this  subject. 
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The  muscular  activity  of  the  subject  was  much  less  than  that  to 
which  he  was  accustomed,  and  consequently  while  Curve  IV  unques- 
tionably does  not  represent  the  fluctuations  in  temperature  of  the 
body  of  this  subject  during  a  night  of  service  as  night-watchman,  it 
is,  in  a  way,  comparable  to  those  obtained  on  other  subjects  with  the 
usual  enforced  quiet  incidental  to  experiments  of  this  nature.  It 
should  be  noted  in  this  connection,  however,  that  owing  to  the  con- 
siderable time  during  which  the  subject  was  standing  or  walking 
(see  p.  158),  the  muscular  activity  was  undoubtedly  considerably 
more  than  that  of  the  majority  of  subjects  of  experiments  upon  which 
continued  body-temperature  observations  have  been  made.  Indeed, 
it  might  appear  from  the  marked  influence  of  the  variations  in  body- 
position,  as  when  standing  or  sitting,  especially  as  exhibited  in 
Curve  IV,  a  direct  comparison  of  this  curve  wilh  those  upon  subjects 
who  were  either  lying  or  sitting  down  during  the  period  of  observation 
is  attended  with  some  degree  of  inaccuracy. 

Finally  it  must  not  be  forgotten  that  individuality  may  account  for 
minor  fluctuations  in  the  course  of  the  curve,  though,  as  was  previously 
stated,  different  individuals  under  like  conditions  of  bodily  activity 
furnish  temperature-curves  of  remarkable  similarity.  Therefore, 
while  the  nature  of  this  curve  may  be  somewhat  marked  by  the 
individuality  of  the  subject,  all  previous  experience  would  lead  one  to 
consider  that  under  like  conditions  this  curve  would  not  vary  widely 
from  an  average  of  curves  from  a  number  of  individuals. 

The  great  difficulty  in  securing  normal  healthy  subjects,  with 
habits  of  life  exactly  similar  to  those  of  this  subject,  precludes,  at 
least  for  the  present,  any  great  elaboration  of  this  study,  but  oppor- 
tunity was  taken  to  repeat  the  temperature-observations  on  the  same 
subject  four  months  later. 

Experiment  of  Janaary  30-31,  1904,  witb  A.  B.  —  No  material 
change  had  been  made  in  the  subject's  mode  of  life  since  the  last 
series  of  observations  were  obtained,  and  there  is  no  reason  for  believ- 
ing that  the  subject  was  not  in  his  normal  condition.  Accordingly, 
an  experiment  began  at  7.30  p.  m.,  January  30lh,  and  continued  unin- 
terrupted till  1 1.30  P.M.,  January  31st.  In  order  to  insure  as  nearly 
as  possible  identical  conditions  of  bodily  activity  in  both  experiments, 
an  attempt  was  made  to  regulate  the  movements  by  having  the  sub- 
ject repeat  as  nearly  as  possible  each  change  of  position  that  might 
affect  muscular  activity  at  the  hour  at  which  the  change  was  made  in 
the  previous  experiment.      The  programme  of  the  experiment  was 
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duplicated  exactly  from  the  beginning  of  the  experiment  till  6.20  p.  m. 
on  January  3i5t.  At  whatever  hours  the  subject  stood,  walked,  sat, 
or  slept  in  the  previous  experiment,  he  was  notified  by  the  observer 
to  assume  the  same  body-position  and  maintain  it  until  notified 
again.  To  insure  comfort  to  the  subject,  the  strictest  adherence  to 
the  programme  was  not  insisted  on.  and  when  sitting,  no  attempt  was 
made  to  eliminate  or  equalize  minor  muscular  movements,  such  as 
turning  the  pages  of  the  newspaper  or  book  or  engaging  in  conversa- 
tion. Likewise,  when  standing  or  walking,  it  was  considered  that 
the  movement  of  walking  was  confined  to  so  small  an  area  that  it 
would  be  impossible  to  distinguish  between  standing  perfectly  stilt, 
shifting  the  body-weight  from  one  leg  to  the  other,  or  moving  a  few 
paces  from  one  point  in  the  laboratory  room  to  another.  The  time 
of  defecation  was  not  alike  in  both  experiments,  and  some  irregularity 
in  the  time  of  micturition  was  naturally  to  be  expected.  It  was  not 
deemed  advisable  furthermore  to  adhere  to  exactly  the  same  diet, 
although  as  nearly  as  could  be  judged  (actual  weighings  were  not 
made)  the  total  amount  of  food  eaten  at  each  meal  did  not  differ 
materially  in  the  two  experiments.  In  accordance  with  his  usual 
custom,  the  subject  smoked  small  amounts  of  tobacco  from  time  to 
time,  and  no  regularity  was  observed  in  this. 

During  the  sleeping  period,  careful  observations  were  made  of  the 
movements,  though,  owing  to  the  position  assumed  by  the  subject,  it 
was  difficult  to  obtain  the  rate  of  respiration  with  accuracy,  and 
accordingly,  it  is  not  here  given. 

Owing  to  a  misunderstanding,  the  subject  was  told  to  sit  and  read 
from  6.52  p.  M.  to  8.06  P.M.  on  January  31st,  whereas  he  should  have 
stood  during  this  period.  From  8.06  ?.  m  .to  the  end  of  the  experi- 
ment the  previous  programme  was  strictly  followed. 

The  subject  entered  the  laboratory  at  5.30  p.  m.,  January  301  h,  but 
owing  to  a  delay  in  the  calibration  and  readjustment  of  the  thermom- 
eter, observations  did  not  begin  till  7.30  p.m.  At  11. 10  p.m.,  and 
again  at  2.50  a.m.,  a  biscuit  and  cruller  were  eaten.  The  meal  at 
8.10  A.  M.  consisted  of  one  cup  (400  c.c.)  of  hot,  black  coffee,  baked 
beans,  one  slice  of  bread,  and  one  cruller.  The  subject  fell  asleep 
almost  immediately  after  getting  into  bed  at  to.32  a.m.,  and  though 
the  subject  was  no  less  restless  than  in  the  previous  experiment,  the 
breathing  was  deep,  the  respirations  not  far  from  [0-12  per  minute, 
and  the  subject  considered  that  he  had  had  an  unusually  restful 
sleep. 
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The  pulse  at  6.00  p.  m.,  just  before  rising,  was  56. 

Supper,  at  6.18  p.  m.,  consisted  of  one  mutton  chop,  fried  potatoes, 
one  slice  of  bread,  and  hot,  black  coffee.  At  8.10  p.  m.,  just  before 
standing,  the  putse  was  61. 

The  temperature-observations  were  made  in  general  every  four 
minutes,  and  they  are  plotted  in  Curve  V,  on  the  same  scale  as  that 
used  in  Curve  IV. 

The  rapid  fall  in  temperature,  beginning  immediately  after  the  in- 
sertion of  the  thermometer,  continued  till  8.06  p.  m.  During  the 
period  of  approximately  constant  temperature,  from  8.06-10.20  p.  m., 
the  subject  was  standing  and  walking.  The  fall  in  temperature  at 
10.20  p.  M.  followed  the  change  in  position  of  the  subject,  from  standing 
to  sitting.  The  temperature-fluctuations  during  the  next  three  hours 
are  all  within  0.20°,  and  the  first  marked  change  is  a  fall  from  2  to  3 
A.  M.  The  minimum  for  the  whole  experiment  is  observed  at  2.54 
A.  M.,  though  again,  at  6.24  a.m.  and  8. 15  p.m.,  the  temperature  falls 
to  within  0.04°  and  0.02°  of  the  absolute  minimum.  The  sharp  rise 
beginning  at  6.24  a.m.,  continued  litl9.t8  a.m.,  when  the  subject  sat  and 
read  till  10.30  a.m.     On  going  to  bed,  the  temperature  of  the  subject 


CUKVE  V.  —  Flucl unions  in  body-lempcrature  of  A.  S.  (January,  1904). 

fell  0.23°,  a  fall  that  is  very  much  less  than  that  observed  on  the 
other  subject  (G.  W.  H.)  after  getting  into  bed  (see  Curve  I  at 
11  p.  M.  and  Curve  Hat  8.40  a.  m.).  After  one  hour  of  nearly  station- 
ary temperature,  a  rise  of  0.20°  takes  place,  followed  by  two  hours  of 
nearly  constant  temperature.  From  2. 30  to  4.30  p.  m.  a  fall  in  tem- 
perature is  noted,  and  the  temperature,  36.45°,  is  the  minimum  during 
the  period  of  sleep.  On  getting  out  of  bed  at  6  p.  m,,  no  such  marked 
and  rapid  rise  as  is  seen  in  Curve  IV  lakes  place,  and,  indeed,  after  a 
very  slight  rise,  the  temperature  falls  continuously  till  8.06  p.  m,,  when 
36.20°  is  reached.  A  marked  rise,  amounting  to  1°,  and  continuing 
for  two  hours,  is  coincident  with  the  change  in  position  of  the  subject 
from  sitting  to  standing  and  walking.     At  10.36  P.  m.  while  the  sub- 
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ject  was  still  standing,  the  temperature  began  to  fall,  and  at  II  P.  H., 
on  resuming  his  chair,  the  temperature  fell  steadily  till  1 1 .34.  the  close 
of  the  experiment. 

Three  maxima  are  observed,  at  7.34  p.  u.  (the  beginning  of  the 
experiment),  at  9.06  A.  h.,  and  at  10.34  p.  m.,  the  Tatter  observation 
(37.19°)  being  the  absolute  maximum  for  the  whole  experiment. 

Three  minima,  all  within  0.04°  of  each  other,  are  observed  at 
2.54  A.  M.,  6.22  A.  M.,  and  8.06  p.  m.,  the  first  of  these  being  the 
absolute  minimum,  36.18°,  for  the  whole  experiment.  The  average 
temperature  for  the  whole  period  (28  hours),  7.30  p.  m.,  January  30th 
to  11,30  P.  M,,  January  31st,  1536.58°,  Theavcrage  temperature  for 
the  night  period,  7.30  p.  M.-7  a.  m.,  is  36.50°,  and  the  average  temper- 
ature for  the  last  24  hours  of  the  experiment,  11.30  p.  M.-11.30  p.  m., 
is  36.58^  The  minimum  temperature  is  36.18°,  and  the  maximum, 
37,19°,  showing  a  temperature  fluctuation  during  the  whole  experi- 
ment of  1.01°. 

While  from  the  previous  experience  in  repeated  experiments  with 
other  subjects  under  like  conditions  of  daily  regime,'  we  might  expect 
this  curve  to  be  more  nearly  an  exuct  duplicate  of  Curve  IV  than  it 
actually  appears,  it  is  seen,  at  least  in  the  essential  points,  to  be 
strikingly  comparable  with  the  earlier  curve,  for,  as  is  shown  in  the 
tabular  statement,  the  times  of  minima  and  maxima,  the  total  fluctua- 
tion and  the  average  temperature  of  the  last  twenty-four  hours,  agree 
very  closely  in  the  two  curves. 


Curve  IV. 

Curve  V. 

2.26  A. M. 
4  30  A. M. 

5.50  P.  M. 

948  P.  M. 
y-00  A.  M. 
11.00  p.m. 

1.01° 

36.70= 

2,54  A.  M, 
6.2Z  A.  M. 
a06  P.  M. 

7  34  P.  M. 
9.06  A.  M. 
10.34  P.  M. 

1.00° 

36.58° 

Temperature  difference  for  the  whole  en- 
Pf"n>ent 

ATerage  temperature  for  the  last  24  hours 

The  similarity  would  probably  have  been  even  more  striking  had 
the  programme  of  the  first  experiment  been  duplicated  exactly  in  the 
second,  for  we  would  have  expected  the  rise  during  the  last  evening 

*  Benedict  and  Snhll:  ArchivfiirdiegesammtePhysioIogie,  1902, xc, pp.  36-41. 
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to  begin  as  won  as  the  subject  assumed  a  standing  position,  and  this 
change  of  position  was  erroneously  delayed  over  an  hour. 

Thus,  while  the  minor  fluctuations  in  temperature  are  not  always 
coincident,  the  grosser  changes  do  not  vary  widely  in  the  two 
curves. 

VII.  Discussion  of  Results  of  Experiments  with  A.  S. 

Although  definite  plans  are  made  for  further  research  into  this 
most  perplexing  problem,  a  few  words  of  general  discussion,  though 
admittedly  based  on  rather  meagre  experimental  data,  and  conse- 
quently liable  to  subsequent  revision,  may  not  be  out  of  place. 

The  remarkable  course  of  these  curves  certainly  cannot  readily  be 
explained  as  the  resultant  of  the  influences  ordinarily  considered  as 
affecting  body- temperature.  Obviously  we  have  here  to  do  with 
some  influences  other  than  the  ingestion  of  food,  muscular  activity, 
sleep,  and  body-position.  Of  the  main  characteristics  of  the  normal 
curve  (Curve  I),  the  evening  fall,  the  early  morning  minimum,  and 
the  morning  rise,  are  unmistakably  found  in  both  of  these  curves. 
The  evening  fall,  though  considerably  diminished  in  amplitude,  is 
sufliciently  well  marked  to  be  easily  recognized,  and  the  early  morn- 
ing minimum  and  morning  rise  arc  likewise  clearly  seen. 

As  with  G.  W.  H.  in  Curves  II  and  III,  the  general  form  of  the 
night'Curve  remains  practically  intact,  thus  indicating  a  flxity  of 
rhythm  that  is  difficult  to  explain.  Why  the  temperature  of  the 
human  body  reaches  a  minimum  at  2-6  a.  m.,  independent  of  whether 
the  subject  is  sleeping  soundly  and  in  the  recumbent  position,  or 
whether  he  is  awake  and  sitting,  or  even  standing  and  walking,  is  a 
problem  that  calls  fnr  extended  research. 

The  important  rdle  played  by  muscular  activity  has  led  some 
investigators  to  consider  that  all  temperature-fluctuations  are  inci- 
dental to  muscular  movement,  either  voluntary  or  involuntary. 
Johansson  1  by  fasting  and  enforcing  muscular  rest  succeeded  in 
diminishing  the  total  temperature-fluctuation  in  the  twenty-four 
hours  to  0.40°  C,  but  the  curve  showed  distinctly  the  presence  of  the 
evening  fall  and  the  morning  rise.  Hormann,'  from  a  continuous 
series  of  observations  of  vaginal  temperature  of  an  insane  woman 
who  remained  in  bed  three  days  without  food,  concludes  that  muscular 

■  Johansson  :  Skandinavisches  Archiv  fur  Physiologie,  1898,  viii,  p.  85. 
^  HOrmanN:  Zeitachrift  fur  Bblc^ie,  1898,  xxxvi,  p.  319. 
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activity  and  digestion  are  the  only  causes  of  body-temperature  fluctu- 
ation. It  is  interesting  to  note  that  in  two  of  his  three  experimental 
days  the  evening  fall  and  morning  rise  are  distinctly  noticeable. 

It  is  clear  that  the  experiments  with  A.  S.  here  reported  furnish 
suggestive  evidence  as  to  the  rationality  of  conceding  that  there  is 
an  influence  of  the  time  of  day  independent  of  muscular  activity. 
This  view,  advanced  so  frequently  in  the  older  literature,  has  been 
strenuously  combated,  but  the  night  periods  in  Curves  IV  and  V 
exhibit  fluctuations  that  are  entirely  opposed  to  the  theory  that 
muscular  activity  is  the  sole  cause  of  temperature-fluctuation.  That 
there  is  a  periodicity  resulting  from  a  habit  long  established  in  suc- 
ceeding generations  is  not  unreasonable  to  suppose,  though,  until  the 
other  known  factors  affecting  body-temperature  have  been  more 
carefully  studied,  and  their  etTect  eliminated  so  far  as  possible,  it 
is  necessary  to  bear  in  mind,  when  drawing  any  conclusions,  that 
the  curves  with  A.  S.  are  the  resultant  not  of  one  but  of  many 
influences. 

One  of  the  most  suggestive  features  of  these  curves  is  the  immediate 
effect  of  change  in  body-position  on  the  course  of  the  body-temperature. 
Sudden  fluctuations  in  temperature  always  accompany  severe  mus- 
cular work,  —  fluctuations  amounting  at  times  to  over  one  centigrade 
degree  in  an  hour ;  but  none  of  the  muscular  movements  of  A,  S.  can 
reasonably  be  classed  under  the  head  of  muscular  work,  and  it  seems 
fitting  to  designate  the  movements  as  changes  in  body-position. 

A  comparison  of  the  statements  regarding  changes  in  body-posi- 
tion, as  given  on  pages  158  and  164,  with  the  temperature-curve  at 
the  corresponding  hour,  shows  that  almost  invariably  a  change  in 
position  from  standing  to  sitting,  or  vice  versa,  produced  marked 
changes  in  body-temperature.  A  rise  in  temperature  accompanied  the 
change  from  sitting  to  standing,  and  a  fall  when  the  change  was 
made  from  standing  to  sitting.  This  is  most  markedly  shown  on 
both  curves  by  the  sharp  rise  beginning  at  800  a,  m.,  when  the  sub- 
ject stood  up.  At  9.00  A.  M.  the  temperature  stops  rising,  and  a 
rapid  fall  accompanies  the  resumption  of  the  sitting  posture  by  the 
subject.  Again  at  8,06  p.  m.,  on  Curve  V,  the  temperature,  which 
had  previously  been  actually  falling,  began  to  rise  rapidly  when  the 
subject  stood,  and  within  two  hours  the  body  is  one  degree  warmer. 

Owing  to  the  fact  that  the  subject  was  used  to  considerable  activity 
during  the  night,  it  was  thought  best  not  to  restrain  him,  and  thus 
cause  him  to  be  restless  or  uncomfortable  during  the  experiment. 
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Consequently,  the  changes  in  body-position,  while  practically  free  from 
what  would  be  termed  muscular  work,  were  numerous.  That  these 
movements  influenced  the  temperature-curve  as  they  did  is  a  striking 
demonstration  of  the  fact  that  body-temperature-curves,  to  be  com- 
pared, should  be  made  from  observations  under  similar  conditions 
of  muscular  activity.  The  rflle  played  by  minor  muscular  movements 
in  heat-production  has  been  greatly  underestimated,  but  data  are 
being  accumulated  to  show  that  even  the  smallest  movements  of  the 
hands  or  arms  are  of  importance  in  comparing  experiments  in  which 
the  transformations  of  energy  are  studied.  Since  body-temperature 
is  the  resultant  of  all  those  factors  that  determine  heat-production 
(thcrmogenesis)  on  the  one  hand,  and  those  that  determine  heat- 
emission  (thermolysis)  on  the  other,  it  is  easily  seen  that  a  dis- 
turbance of  any  factor  would  cause  a  fluctuation  in  body-temperature. 
Viewed  in  this  light,  the  complex  nature  of  the  conditions  determin- 
ing body- temperature  render  still  less  secure  the  ground  for  clear 
deductions  from  experiments  in  which  the  maximum  number  of 
factors  hus  not  been  eliminated.  Thus,  in  both  Curves  IV  and  V 
the  "  morning  rise  "  is  certainly  accentuated  by  the  sharp  rise  from 
8  to  9  A.  M.  mentioned  above.  In  fact,  we  may  consider  many  of  the 
features  of  the  night-portions  of  the  curves  to  be  the  result  of  changes 
in  body- position.  On  the  other  hand,  it  is  equally  clear  that  the 
evening  fall  and  morning  rise  in  Curve  I  (G.  W.  H,  during  a  normal 
day)  were  accentuated  by  the  changes  in  body-position  involved  in 
going  to  bed  at  1 1  p.  M.  and  getting  up  at  7.30  a.  m. 

The  changes  in  body-position  apparently  play  so  important  a  r6Ie 
in  determining  the  course  of  Curves  IV  and  V,  that  the  few  instances 
where  such  changes  were  not  followed  by  corresponding  changes  in 
body-temperature  offer  sharp  contrasts  that  demand  attention.  The 
fall  in  temperature  after  10,30  a.  m.,  when  the  subject  went  to  bed,  is 
in  no  sense  comparable  to  the  marked  fall  in  temperature  observed 
on  G.  W.  H.  in  Curves  I  and  II  at  1 1  p.  m.  and  8.30  A.  M.,  respec- 
tively. Here,  obviously,  with  A.  S.  a  change  in  position,  i.e.,  from 
sitting  to  lying  in  bed  asleep,  exercised  a  minimum  influence  on  the 
temperature-curve;  while  with  G.  W.  H.,  such  a  change  in  position 
was  accompanied  by  a  marked  fall  in  temperature.  Observations 
during  sleep  oiTer  very  little  by  way  of  explanation  of  the  rapid  fall 
after  3.4O  p.  m.,  or  the  hour  of  stationary  temperature,  4- 50-5.45  p.  M., 
on  Curve  IV.  This  long  period  of  constancy  is  unusual,  for  it  is  to 
be  remembered  that  temperature-observations  were  recorded  every 
four  minutes. 
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The  error  in  adjusting  Ihe  body- movements  of  the  second  experi- 
ment to  those  of  the  first  is  primarily  the  cause  of  the  interesting 
observations  from  6  p.  m.  to  8.06  p.  m.  in  Curve  V.  After  getting  out 
of  bed  at  6  p.  m.,  the  subject  was  seated  practically  all  of  ihe  time  till 
8.06  p.  M.,  when  he  stood.  In  spite  of  the  fact  that,  during  this  period, 
the  subject  ate  supper,  drank  '400  c.c.  of  hot  coffee,  and  the  minor  mus- 
cular movements  were  unusually  numerous,  the  temperature  of  the 
body  continued  to  fall  until  the  subject  assumed  the  standing  posi- 
tion. This  change  in  position  was  accompanied  by  a  rise  so  rapid 
that  it  is  comparable  only  to  those  obtained  when  studying  the  effect 
of  severe  muscular  work.  Although  in  Curve  I,  G-  VV.  H.  was 
seated  immediately  after  getting  out  of  bed,  from  7.30  a.  m.  to 
8.30  A.  M.,  the  temperature  nevertheless  rose  rather  than  fell.  Here 
again  the  absence  of  any  apparent  effect  of  the  change  in  body-posi- 
tion on  the  temperature-curve  is  conspicuous. 

It  is  thus  seen  that  while  years  of  night-work  have  not  succeeded 
in  eliminating  the  tendency  to  an  evening  fall,  a  minimum  some  time 
during  the  night,  and  the  morning  rise,  the  whole  course  of  the 
curve  is  markedly  different  from  any  with  which  we  are  familiar,  and 
any  study  of  the  factors  influencing  the  course  of  the  curve  must 
include  a  large  number  of  experiments  in  which  the  habits  of  life, 
times  of  eating,  and  muscular  activity  should  all  be  as  nearly  alike  as 
possible  in  order  to  compare  the  results  with  the  normal  curves  given 
by  the  several  writers  on  body-temperature. 

No  tendency  to  an  inversion  of  the  temperature-curve  by  inverting 
the  daily  routine  of  life  is  observed  in  any  of  the  experiments  reported 
here. 

The  importance  of  minor  muscular  movements,  especially  those 
involved  in  a  change  in  body-position,  as  influencing  body-tempera- 
ture, receives  here  a  new  significance,  although  the  lack  of  unifor- 
mity in  the  coincidence  of  temperature- changes  and  changes  in 
body-position  renders  the  problem  of  analyzing  a  temperature-curve 
still  more  complex. 
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CORRECTION. 

Line  9  on  page  446,  Volume  X,  should  read  : 

"  addition  of  the  neutral  salts  of  weak  monobasic,  dibasic,  and  tri- 
basic  acids." 
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I.     Introduction. 

SUDDEN  losses  of  relatively  large  quantities  of  blood  bring  about 
profound  changes  in  the  organism.  These  changes  appear  to 
be  relatively  harmless  when  the  amount  of  abstracted  blood  is  not 
too  great,  or  if  the  loss  is  not  repeated  at  too  frequent  intervals.  For 
a  long  time  our  knowledge  of  the  character  and  extent  of  the  meta- 
bolic modifications  during  acute  an3emia  was  very  slight  and  indefinite. 
During  the  centuries  in  which  blood-letting  was  regarded  as  the 
"universal  remedy,"  many  deductions  were  made,  respecting  its 
influence  on  the  body,  which  failed  to  stand  the  test  of  subsequent 
investigation.  In  recent  years  Hayem,  Luzet,  Hhrlich,  Howell, 
Vierordt,  Lowit,  Antokonenko,  Dawson,  Willebrand,  Baumann,  and 
many  others  have  given  us  much  valuable  information  on  the  effects 
of  hemorrhage  upon  the  characters  of  the  retained  blood,  —  its 
general  composition,  the  number  and  character  of  the  corpuscles 
and  their  regeneration,  percentage-content  and  change  in  quantity  of 
haemoglobin,  relative  coagulation-time,  etc.  At  present,  however,  in 
spite  of  experimental  observations  by  several  investigators,  we  know 
very  little  of  the  obscure  chemical  alterations  induced  in  healthy 
bodies  by  considerable  losses  of  blood. 

Late  in  1902  there  was  begun,  in  this  laboratory,  a  series  of  studies 
of  the  metabolic  effects  of  hemorrhage.'  Several  of  these  investiga- 
tions are  now  in  progress.'  We  present  here  the  results  of  our  first 
study  of  the  chemical  changes  induced  by  the  removal  of  fairly  large 
quantities  of  blood  from  healthy  animals.  Our  initial  results  in  this 
connection  are  chiefly  such  as  refer  to  proteid  catabolism  after  with- 
drawals of  blood  from  dogs  under  the  influence  of  an  anaesthetic. 
Our  purpose  in  this  particular  research  has  been  to  study  the  effects 
of  loss  of  definite  amounts  of  blood  under  conditions  comparable  to 
the  acute  anaemia  following  some  surgical  operations  under  general 
ether  anaesthesia.     In  a  subsequent  publication  from  this  laboratory 


'  Preliminary  reports  of  the  experiments  here  descrit)ed  have  been  published  in 
the  Proceedings  of  the  Society  for  Experimental  Biology  and  Medicine,  American 
Medicine,  1903,  vi,  p.  734,  and  in  the  Proceedings  of  the  American  Physiological 
Society,  This  journal,  1904,  x,  p.  xxviii. 

*  The  results  of  one  of  them  have  already  been  given  in  a  preliminary  report. 
See  PosNER  and  Gies  :  Proceedings  of  the  American  Physiological  Society,  This 
journal,  1904,  x,  p.  xxxi. 
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we  hope  to  present  the  results  of  a  similar  study  of  the  metabolic 
effects  of  hemorrhage  conducted  with  the  aid  of  local  anaesthetics.^ 

We  were  attracted  at  the  outset  to  this  particular  phase  of  the 
problem  of  posthemorrhagic  effects  on  metabolism,  by  the  very  obvi- 
ous lack  of  agreement  in  the  results  obtained  by  previous  investi- 
gators. Bauer,  Jiirgensen,  and  some  of  their  colleagues,  working  with 
dogs,  noted  in^r^aj^i/ elimination  of  nitrogenous  matter  after  hemor- 
rhage. On  the  other  hand  Skvortsov  and  others,  lately  Ascoli  and 
Draghi,  observed  decreased  excretion  of  nitrogenous  products  from 
dogs  under  similar  circumstances.  Under  various  ansemic  conditions 
in  man,  also,  as  in  chronic  and  pernicious  anaemia,  chlorosis,  after 
internal  hemorrhage,  and  the  like,  Pettenkofer  and  Voit,  von  Noor- 
den,  Ketscher,  Lipmann-Wulf,  Moraczewski,  Kolisch,  and  Ascoli  and 
Draghi  are  among  those  who  have  obtained  metabolic  results  show- 
ing decided  disagreement  qualitatively  and  quantitatively. 

That  the  general  lack  of  harmony  in  the  results  of  previous  inves- 
tigations is  due  largely  to  the  fact  that  the  feeding  conditions  were 
very  irregular  and  unsatisfactory  in  nearly  all  the  experiments,  is  evi- 
dent from  a  review  of  the  papers  by  these  authors.  Then,  too,  the 
periods  of  observation  were  far  too  short  in  most  cases.  Even  in 
the  researches  on  dogs  little  attention  seems  to  have  been  given  to  the 
careful  maintenance  of  various  conditions  which  are  necessary  for  the 
proper  conduct  of  metabolism  experiments.  In  our  own  work  we 
have  endeavored  to  carefully  control  all  such  important  matters  of 
detail. 


II,     Description  of  the  Experiments. 

We  had  two  types  of  experiments.  Three  long  experiments  were 
carried  out  in  which  we  studied,  in  a  comparative  way,  various  phases 
of  metabolism  in  dogs,  before  and  after  hemorrhage.  We  also  deter- 
mined the  immediate  effect  of  loss  of  blood  on  flow  of  urine  by 
directly  collecting  the  fluid  excreted  through  the  ureters  of  several 
dogs  under  anaesthesia. 

'  II  would  be  impossible,  we  think,  to  improve  such  a  study,  in  an  animal  like 
a  dog,  by  conducting  the  hemorrhage  without  an  anxsthetic.  There  would  be  not 
only  the  objection  of  inhumanity  in  the  proceeding,  but  under  such  conditions, 
abo,  secondary  factors  would  be  present,  —  pain  and  the  resultant  psychical 
cSecta.  The  latter  would  doubtless  be  more  difficult  to  check  tJian  the  effects 
of  angesthesia. 
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Condnot  of  th«  meuboUun  experimenu.  —  Our  metabolism  experi- 
ments were  conducted  by  the  general  methods  recently  described  in  a 
paper  from  this  laboratory.' 

Animals  and  environment. — All  of  these  experiments  were  per- 
formed on  healthy,  full-grown  dogs.  The  dog  under  observation  was 
confined  in  a  cage^  well-arranged  for  the  comfort  of  the  animal  and 
adapted  to  the  collection  and  separation  of  urine,  fieces,  and  cast-off 
hair.  The  structure  of  the  cage  at  the  top  permitted  free  circulation 
of  air.  The  experiments  were  conducted  in  a  well-lighted  and 
thoroughly  ventilated  room.  The  temperature  of  the  room  was  fairly 
uniform  throughout  each  experiment- 
Only  such  animals  as  were  particularly  well  suited  to  our  experi- 
ments were  finally  selected  after  trial  periods.  In  each  case  we  were 
fortunate  in  possessing  a  strong  dog;  one  not  only  of  a  lively  and 
playful  disposition  to  begin  with,  but  one,  also,  that  seemed  to  be 
contented  with  his  environment  and  treatment. 

Foc/i.  —  The  food  consisted  of  a  mixed  diet  containing  hashed 
lean  beef,  lard,  bone  ash,'  and  water.  The  raw  meat  was  preserved 
in  a  frozen  condition.*  The  commercial  cracker  meal  was  kept  dry  in 
tightly  closed  jars.  Lard  was  obtained  in  small  quantities,  and  was 
always  fresh  at  the  time  of  use.  The  bone  ash  consisted  of  the 
thoroughly  incinerated,  carbon-free,  commercial  product.  Ordinary 
tap  water  was  taken. 

In  each  of  our  experiments  the  dog  was  given  his  daily  portion  of 
food  at  s  p.  M.  The  solids  and  the  water  were  intimately  mixed,  and 
the  soupy  mass  thus  formed  was  eaten  with  very  evident  relish.' 

Periods,  weights.  —  In  the  records  of  our  experiments  each  day 
ended  at  $  p.  m.,  at  which  time,  just  before  the  food  was  given,  the 
weight  of  the  dog  was  taken.  The  figures  for  weight  in  our  tables 
represent,  therefore,  the  weight  of  the  animal  at  the  end  of  the  day 
of  record.     The  daily  analytic  data,  also,  are  recorded  for  the  twenty- 

'  Mead  and  Gics;  This  journal,  1901,  v,  p.  to6.  Also  Gies  and  colUbora- 
tors:  Biochemical  researches,  1903,  i,  Reprint  No.  31. 

*  Gies:  Proceedings  of  the  American  Physiological  Society,  This  journal, 
1904,  X,  p.  xxii. 

*  Ibid. 

*  Gies:  This  journal,  t9or,  v,  p.  235.  Also  Gies  and  collaborators:  Bio- 
chemical researches,  1903,  i,  Reprint  No.   1. 

*  The  food  was  so  ardently  desired  that  it  was  necessary  to  use  force  to  prevent 
the  animal  from  spilling  the  contents  of  the  dish  when  it  was  brought  into  the  cage. 
The  only  exceptions,  due  [o, hemorrhage,  are  noted  on  pages  185,  166. 
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four  hours  ending  at  5  p.  m.  The  new  periods  of  record,  after  pre- 
liminary establishment  of  nitrogenous  equilibrium,  always  began 
with  the  day  on  which  the  dog  was  subjected  to  the  new  condition. 

Anastkesia,  surgical  operation,  and  blood-letting .  —  The  withdrawal  of 
blood  was  usually  begun  shortly  after  g  a.  m.,  and  was  conducted 
under  very  light  ether  anxsthesia,  after  preliminary  use  of  a  small 
amount  of  chloroform  with  the  ether.  At  this  time  of  the  day  the 
dog's  stomach  was  practically  empty.  There  was  never  any  vomiting 
as  a  result  of  the  administration  of  the  anaesthetic.  Recovery  from 
anaesthesia  was  rapid  and  satisfactory  in  all  cases,  and  by  5  p.  m.  the 
dog  manifested  his  usual  appetite.'  The  anaesthetics  we  used  were 
chemically  pure.  Each  anaesthesia  throughout  the  experiment  was 
induced  with  samples  from  the  same  supply  of  the  anaesthetic. 

Before  this  investigation  was  started,  we  had  fully  decided  to  use 
ether  for  anaesthesia  and  to  determine  in  some  special  anaesthesia 
experiments  the  metabolic  effects  of  this  substance.  During  the 
progress  of  the  first  experiment  we  saw,  however,  that  the  time  at 
our  disposal  for  this  work  in  collaboration  would  not  be  sufficient  to 
enable  us  to  study  in  detail  the  metabolic  effects  of  the  anaesthetic. 
Consequently,  our  observations  on  the  effects  of  ether  anaesthesia 
were  confined  to  the  dogs  used  in  the  hemorrhage  experiments. 
Facts  in  this  connection  were  noted  merely  for  the  purpose  of  check- 
ing the  results  of  the  conditions  associated  with  the  blood-letting. 

Dogs  are  not  quickly  anaesthetized  with  ether,  and  usually  strug- 
gle violently  before  they  are  overcome.  Chloroform  acts  rapidly. 
Chloroform-ether  mixture  was  accordingly  administered  at  the  be- 
ginning of  each  period  of  anaesthesia  in  order  to  diminish  the  initial 
period  of  resistance  and  excitement,  and  to  reduce  the  metabolic 
eflfects  due  to  such  influences.  Because  of  its  vigorous  catabolic 
action,  however,  only  a  trifling  quantity  of  chloroform  was  taken  for 
this  purpose. 

A  number  of  writers  have  stated  recently  that  "the  changes  in  the 
metabolism  following  the  use  of  chloroform  (chiefly  catabolic  effects, 
such  as  increased  nitrogenous  excretion)  are  not  produced  to  the 
same  extent,  if  at  all,  by  ether."  ^  The  work  of  various  observers,  how- 
ever, has  shown  marked  metabolic  influences  on  the  blood  and  urine 
after  ether  narcosis,  but  the  extent  of  corpuscular  disintegration  and 

'  Exceptions  due  to  hemorrhage  are  referrcfl  to  on  pages  1S5,  iKO. 
*CusHNV:  Text-book  of   Pharmacology  and    Therapeutics,   190Z  {2d  cd.), 
P-  164. 
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of  leucocytosis,  or  degree  of  albuminuria  or  glycosuria,  for  example, 
appear  to  depend  chiefly  on  the  depth  of  the  anaesthesia  and  on  the 
length  of  the  period  of  its  continuation.  Anaesthesia  was  kept  as 
light  as  possible  in  all  our  experiments,  and,  with  the  exception  of 
slight  transitory  glycosuria,  no  abnormality  of  the  urines  was  observed 
(see  page  206). 

Our  knowledge  of  the  effects  of  ether  on  proteid  metabolism  needs 
extension.  That  ether  seems  to  stimulate  slightly  nitrogenous  catab- 
olism  is  suggested  by  the  results  of  such  experiments  as  those  by 
Leppmann'  and  Taniguti;'  but  Zaieski's'  work,  on  the  other  hand, 
indicates  the  opposite.*  We  have  not  depended  on  any  previous 
statements  in  this  connection,  but  have  checked  the  influence  of 
the  anaesthetic  on  each  dog  subjected  to  acute  anxmia.^ 

All  blood-letting  in  these  experiments  was  conducted  from  the 
femoral  artery  or  9  branch  of  it.  In  some  cases  the  least  possible 
disturbance  of  local  circulation  was  sought,  in  other  instances  rela- 
tively great  interference  was  intended.  These  ends  seemed  best 
attainable  by  opening  either  a  very  small  artery  or  a  large  one. 
Further,  such  procedure  gave  results  similar  to  those  after  relatively 
small  hemorrhages,  or  after  the  largest  and  most  troublesome  losses. 

The  operations  were  conducted  under  aseptic  conditions.  The 
incisions  were  short  and  only  of  a  superficial  character.  The  loss 
of  blood  due  to  the  operation  itself  was  always  less  than  3  c.c.  The 
wounds  healed  rapidly  with  only  very  slight,  sometimes  scarcely 
any,  serous  exudation,  and  with  little  or  no  observable  inconvenience 
to  the  animal.  Even  when  the  femoral  artery  itself  was  ligatured, 
the  temperature  of  the  limb  soon  returned  to  the  normal.  In  our 
third  experiment,  in  which  blood  was  drawn  thrice  from  one  femoral 
artery  at  intervals  of  a  few  days  (see  page  226),  the  dog  did  not 
appear  to  be  inconvenienced   in  the  least.     It  seemed   to  use  each 

>  Leppmann:  Miiieilungen  aus  den  Grenzgebieien  der  Medizio  und  Chirurgie, 
1899.  iv,  p.  37. 

'  Taniguti  :  Archiv  fiir  pathologische  Anatomic  und  Physiologic,  1890,  cxx, 
p.  123. 

*  Zaleski:  Berichte  der  deutschen  BoUnischen  Gesellschaft,  1900,  xviii,  p.  392. 
See  also  Schipilin  ;  Jahresbericht  der  Tliier-diemie,  i803,  xxii,  p.  409. 

'  Dr,  Hawk  is  now  investigating  this  problem  in  the  laboratory  of  Physiologi- 
cal Chemistry  at  the  University  of  Pennsylvania.  See  Proceedings  of  the 
American  Physiological  Society,  This  journal,  1904,  x,  p.  xxxvii. 

'  For  further  reference  to  these  matters,  see  pages  iSi,  183,  194,  2oi,  3o8,  312, 
216,  ai8,  237. 
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leg  as  freely  immediately  after  operation  as  it  did  before.  Care  was 
always  taken  to  prevent  harm  to  exposed  nerve-tninks.  At  the 
conclusion  of  each  hemorrhage  the  severed  artery  was  carefully 
ligatured  and  the  lips  of  the  wound  were  sutured.  The  dog's  nose 
always  remained  moist  and  cold  after  the  surgical  operations. 

When  blood  was  drawn,  it  was  directed  through  a  cannula  con- 
nected with  a  short  rubber  tube  leading  into  a  beaker  containing  a 
moderate  excess  (though  known  volume)  of  2$  per  cent  solution  of 
sodium  chloride.  The  combined  weight  of  the  beaker  and  the  saline 
solution  was  taken,  also  the  weight  with  the  added  blood.  The  weight 
of  the  blood  was  determined  by  difference.  The  saline  solution  served 
the  purpose  of  keeping  the  blood  in  fluid  condition  for  analysis. 
Weighed  amounts  of  the  mixture  were  taken  for  this  purpose. 

As  already  stated,  our  days  of  experiment  ended  at  5  p.  m.,  and  our 
surgical  procedures  were  concluded  before  10  a.  m.  About  two- 
thirds  of  the  day  of  hemorrhage  had  passed,  therefore,  before  blood 
was  drawn,  but  on  this  schedule  there  was  a  long  period,  of  about 
fourteen  hours,  following  each  hemorrhage,  during  which  we  could 
conveniently  observe  any  initial  effects. 

The  influences  of  the  anaesthetics  and  of  our  usual  surgical  opera- 
tions were  determined  independently  on  each  animal  in  order  to 
check,  in  each  instance,  the  results  following  blood-letting  under 
anaesthesia. 

Colieclion  0/ excreta.  —  We  collected  the  urine  as  it  passed  from  the 
body  normally.  The  periods  were  of  sufficient  length  for  the  equal- 
ization of  diurnal  variations,  thus  making  catheterization  unnecessary. 
Then,  too,  these  long  periods  were  always  purposely  brought  to  an 
end  on  days  on  which  the  dog  happened  to  urinate  at  about  the 
closing  hour —  5  p.  m.  In  this  way  we  further  insured  period-neu- 
tralization of  diurnal  fluctuations  in  excreted  volume.^  Samples  of 
the  daily  urine  were  immediately  analyzed  and  a  composite  sample 
of  the  entire  urine  of  each  period  was  also  made  up  for  further  chem- 
ical examination,  and  to  check  the  total  of  daily  results.^  All  urine 
not  immediately  analyzed  was  preserved  in  stoppered  bottles  with 
powdered  thymol. 

The  addition  of  bone  ash^  to  the  diet  increased  the  bulk  of  the 

•  See  further  references  to  period-equali;cations,  on  page  198. 

'  Results  showing  the  accuracy  of  both  sets  of  analytic  results  are  given  on 
page  198. 

'  The  amounts  we  used  are  indicated  on  pages  iSo,  zoS.  See  Gies :  Proceed- 
ings of  the  Amcric:m  Physiological  Sociciy,  This  journal,  1904,  x,  p.  xxii. 
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fxcal  matter  and  made  its  discbarge  more  frequent  and  regular. 
These  facts  and  the  length  of  the  periods  made  it  unnecessary  to 
introduce  with  the  food  a  specially  indigestible  material  to  mark  off 
the  faeces  at  the  end  of  a  period.  The  faeces  had  the  typical  consis- 
tency and  appearance  of  the  excrementitious  matter  eliminated  from 
dogs  subsisting  on  a  diet  containing  bone.  There  never  was  any 
diarrhoea,  the  faecal  matter  did  not  stick  to  the  cage,  it  dried  easily 
and  could  be  readily  reduced  to  a  light  homogeneous  powder. 
Therefore  there  was  no  mixing  of  fluid  faecal  matter  with  urine,  as 
is  otherwise  so  often  the  case.  In  all  instances  the  faecal  matter  was 
immediately  dried  on  the  water  bath,  and  the  fractions  collected 
during  each  period  were  finally  united,  powdered,  and  bottled  for 
analysis. 

We  wish  to  emphasize  the  fact  to  which  attention  has  already  been 
drawn,'  that  in  equilibrium  experiments  on  dogs  the  cast-off  hair  and 
dandruff  must  be  carefully  preserved  and  analyzed.  In  these  experi- 
ments such  offal  was  each  day  removed  from  the  cage,  in  which 
practically  all  of  it  had  lodged,  and  the  combined  lot  for  each  period 
was  subjected  to  analysis.  A  dog  usually  removes  more  or  less  hair 
from  his  body  with  his  teeth  and  tongue.  Much  of  the  hair  removed 
in  this  way  appears  in  the  faeces.  In  our  experiments  the  faecal  hair 
was  separated  from  the  powdered  faeces  with  a  very  minutely  meshed 
sieve  and  united  with  the  main  portion  collected.'  The  bone  ash 
favored  this  process  by  facilitating  the  pulverization  of  the  mixture. 

At  the  end  of  each  period  the  cage  was  thoroughly  washed  and  the 
combined  washings  analyzed.  The  small  volume  of  urine  adhering 
to  the  inclined  bottom  of  the  cage  after  the  elimination  of  each  frac- 
tion soon  dried  without  undergoing  chemical  alteration.  The  attend- 
ant loss  from  the  daily  volume  was  very  slight,  but  the  dissolved 
constituents  were,  of  course,  completely  recovered  in  the  washings.' 
To  these  washings  was  added  such  saliva  as  passed  from  the  animal 
during  anaesthesia. 

Analytic  methods.  —  The  ingredients  of  the  food  and  the  various 
excreta  were  subjected  to  analytic  methods.  All  determinations  of 
nitrogen  were  made  by  the  Kjeldahl  process.  Oxidation  was 
effected  with   concentrated   sulphuric  acid,  aided   by  a  little  cupric 

'  Mead  and  Gies  :  Loc.  cit. 

*  The  trifling  quantity  of  ha.ir  washed  from  the  bottom  of  the  cage  into  the 
urine  was  obtained  by  filtration. 

*  Analytic  data  in  this  connection  are  given  on  .page  300. 
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sulphate.'  Total  sulphur  and  phosphorus  were  determined  by  the  welt- 
known  fusion  processes.  Chlorine  was  estimated  by  Mohr's  method.^ 
Approximate  specific  gravity  of  the  urine  and  blood  was  ascertained 
with  a  urinometer.  Total  solids  in  the  urine  were  calculated,  from 
the  figures  for  specific  gravity,  with  the  aid  of  Long's  factor.*  The 
quantities  of  material  used  for  each  analysis  were  those  customarily 
employed.  The  purity  of  our  reagents  was  always  established  before 
their  use.  The  recorded  analytic  data  are  averages  of  closely  agree- 
ing duplicate  results.* 

Bxperimenta  od  tlie  floir  of  nrlDa  after  hemoirhage.  —  Reference  to 
these  experiments  may  be  found  on  pages  228. 

Til.     First  Metabolism  Experiment.  —  Influence  of 
Hemorrhage  on  Protbid  Catabolism. 
The  animal  used  in  this  experiment  was  a  plump,  vigorous,  short-haired  dog 
weighing  a  little  over  17  kilos. 

Z>let.  —  The  character  of  the  diet  was  the  same  throughout  the  whole  experi- 
ment, although  it  varied  slightly  in  quantitative  composition,  as  indicated 
in  Table  I,  at  the  top  of  the  following  page.' 

■  MarCuiie:  Archiv  ftir  die  gesammte  Physiologie,  1896,  Ixiv,  p.  zyi.  The 
digestions  in  concentrated  sulphuric  acid  were  continued  for  several  hours  after  the 
mixtures  had  tiecome  colorless. 

*  Neubauer  and  Vogel:  Hamanalyze  (Neubaueb  and  Salkowski's  modi- 
tication),  1898,  p.  709- 

*  Long  :  Journal  of  the  American  Chemical  Society,  1903,  xxv,  p.  262. 

*  Other  general  matters  relating  to  the  conduct  of  these  experiments  were 
carried  out  as  in  the  investigations  by  Mead  and  Gies :  Loc.  cil. 

*  In  the  original  description  of  the  method  used  for  preparing  and  preserving 
the  meat  fed  during  these  experiments  (GiES:  This  journal,  1901,  v,  p.  235; 
Biochemical  researches,  1903,  i,  p.  69),  it  was  shown  that  the  products  of  such 
preparation,  even  at  wide  intervals  and  of  different  samples  of  beef,  prove  to  be 
very  uniform  in  composition.  At  that  lime,  however,  only  the  results  of  nitrogen 
determinations  had  been  obtained.  The  following  average  data  from  the  records 
of  these  experiments  further  emphasize  the  original  deductions  in 
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TABLE   I. 
Composition  or  thb  Daily  Dirt. 


Ingredients. 

Ilaihed  lean  beef. 

Cracker 
meal. 

Lard. 

Bone 

ash. 

Water. 

DE.y.     .... 

l-» 

S4-aB 

es-s6 

l-M 

Daily  amounts' 

Z50,0 

2.16,4 

241.0 

70.0 

3ao 

100 

5000 

Nitrogen    .     .    , 
Sxlphur     .    .    . 

9.175 

0.698 
0.557 

9.17S 
0.775 
0.5.';8 

9.175 

0.606 
0.527 

1.085 
0.092 
0.094 

0.008 
0.009 
0.026 

0.003 
0.006 
1.779 

Total  Composition  of  each  Daily  Mixtukc 

Days. 

Total  weight. 

Nitrogen. 

Sulphur. 

Phosphorus. 

1-33 
31-62 

63-85 

860.0 
866.4 
85 1-0 

10271 
10.271 

10.271 

0805 
0832 
0713 

2.456 
2.457 
2426 

'  Three  different  preparations  of  meal  were  used.    These  varied  slighlly  in  cora- 
poaitioii.     The  nilrogen-conlent  was  3.67,  3.S8,  and  3.81  |>er  cent  respeclively.     In 
order  to  keep  the  nilrogen-content  of  (he  daily  food  exactly  the  same  throughoat 
the  cxpcfiment,  the  slight  variations  in  weight  of  meat  taken  were  necessitated.    The 
variations  ii>  content  of  water,  proteid,  etc.,  induced  in  this  way  were  immaterial. 

PreparBtoTy  period.  —  A  preparatory  period  of  four  days  on  the  above  diet 
sufficed  to  accustom  the  dog  to  the  new  food  and  environment.  The 
weight  of  the  animal  during  this  time  fell  from  17.13  kilos  to  17.03  kilos. 
The  preparatory  period  was  terminated  on  November  1,  1901,  and  on 
that  day,  at  5  p.  m.,  the  collection  of  analytic  data  was  begun.  The  ex- 
periment continued  without  interruption  until  the  night  of  January  34, 
1903  (eighty-fifth  day),  and  was  divided  into  eight  periods  of  varying 
.length  and  different  conditions,  as  follows:  — 

First  poriod.  Normal  oondmons.  Malntenanoe  of  nltrogenova  eqnillb* 
rluin.  Daya,  1-12  ;  November  1-12, 1902. — Approximate  equilibrium 
was  established  without  special  difficulty,  and  the  animal  was  further 
accustomed  to  its  new  environment 
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Second  period.  Combined  effect*  of  anseatheala,  operation,  and  alovr 
bemorzbaen.  Dara,  13-26 ;  NorembeT  13-28.  —  On  the  thirteenth 
day  the  first  blood  was  withdrawn.  We  desired  to  bring  about  the  first 
hemorrliage  with  only  slight  injury  to  the  tissue  at  the  point  of  incision, 
and  with  as  little  disturbance  of  the  local  circulation  as  possible.  We 
concluded  that  one  of  the  smaller  branches  of  the  femoral  artery  would 
ofler  the  greatest  advantages  in  these  respects.  Accordingly,  the  dorsal 
ramus  of  the  saphenous  branch  of  the  femoral  artery  in  the  right  leg  was 
selected  for  this  purpose,  but  we  found  it  impossible  to  force  our  smallest 
cannula  into  it.  This  delay  in  our  procedure  was  regretted,  because  it 
had  been  our  desire  to  make  the  period  of  anaesthesia  as  brief  as  possible. 
We  then  quickly  made  another  short  incision,  a  little  higher  up,  and  finally 
inserted  the  cannula  into  the  saphenous  artery  itself. 

Al^er  the  hemorrhage  had  been  started,  coagula  in  the  tube  attached 
to  the  cannula  occasionally  stopped  the  flow  into  the  beaker,  but  new 
tubes  were  used  when  necessary.  The  hemorrhage  was  quite  slow  to 
the  end  because  of  the  smallness  of  the  outlet  and  the  associated  clotting 
tendency. 

Schedule  of  opera  lions.  —  8. 10  A.M.,  anaesthesia  begun.  8.45,  first  in- 
cision made.  9-05,  second  incision.  9.26,  hemorrhage  started.  10.14, 
hemorrhage  concluded.  10.10,  sutures  in  place  and  anaesthetic  discon- 
tinued.    10.55,  dog  sat  up. 

Blood.  —  The  amount  of  blood  withdrawn  was  493.9  grams,  a  quantity 
equal  to  z.93  per  cent  of  the  weight  of  the  dog  at  the  end  of  the  twelfth 
day. 
Third  peilod.  Btfacta  of  antMtlimia  alone.  Days,  29-38 ;  November  29- 
December  6. —  An  initial  increase  in  nitrogen  output  had  been  observed 
during  the  previous  period  (Tables  11  and  VI),  but  toward  the  end  of  the 
period  the  dog  returned  to  nitrogenous  equilibrium,  and  seemed  to  have 
entirely  recovered  from  the  effects  of  the  hemorrhage.  It  was  impossible, 
of  course,  to  say  which  one,  or  how  many,  of  the  three  conditions  attend- 
ing the  first  hemorrhage  effected  the  increased  nitrogenous  excretion. 
The  known  effects  of  chloroform  and  ether  led  us  to  think  that  a  part,  if 
not  all,  of  the  observed  effect  was  due  to  the  anaesthetics  alone.  Then, 
too,  the  healing  process  and  the  changes  in  the  limb,  with  its  lessened 
blood-supply,  may  have  contributed  a  share  in  the  observed  results 
(see  page  234). 

In  this  period  and  the  one  following  it,  we  therefore  made  an  effort  to 
determine  the  effects  of  anxsthesia,  and  also  of  the  operation  on  this  par- 
ticular dog,  in  order  to  arrive  by  difference,  if  possible,  at  the  immediate 
effects  of  the  hemorrhage  itself.  Consequently,  on  the  twenty-ninth  day 
the  animal  was  subjected  to  the  same  anaesthetics,  at  the  same  time  of 
day,  for  the  same  period  of  lime,  and  to  the  same  degree,  as  on  the  day 
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of  the  first  hemorrhage.'     After  ten  days,  when  the  dog  again  appeared 
to  be  in  an  entirely  normal  condition,  the  fourth  period  was  begun. 

Fotvtb  period.  Combined  elfeoU  of  uueatliesia  «nd  operation.'  Days, 
39-51 ;  Deoembet  9-21.  —  The  combined  influence  of  the  three  condi- 
tions —  anaesthesia,  operation,  and  hemorrhage  —  was  determined  in  the 
second  period.  The  effect  of  anxsthesia  alone  was  ascertained  in  the 
preceding  period.  In  that  period,  in  spite  of  an  increase  in  the  volume 
of  the  urine  aller  the  anaesthesia,  there  was  a  slight  initial  decrease  in  the 
elimination  of  nitrogen,  the  reverse  of  the  effect  observed  when  all  three 
conditions  were  acting  together  (Tables  II  and  VI).  Thus  it  appeared 
that  the  elTects  of  the  anesthesia  had  been  opposed  to  the  elTects  of  the 
hemorrhage  and  the  operation.'  It  now  remained  for  us  to  ascertain 
the  influence  of  the  operation,  and  also  whether  the  results  noted  in  the 
second  period  were  due  to  the  operation,  or  to  the  loss  of  blood,  or  to 
both  conditions.  This  was  done  indirectly  by  combining  anesthesia  and 
operation,  and  comparing  with  former  results. 

The  operation  and  anaesthesia  were  exactly  the  same  as  for  the  hem- 
orrhage at  the  beginning  of  the  second  period.  On  the  thirty-ninth  day, 
when  the  dog  was  again  in  approximate  nitrogenous  equilibrium,  two  in- 
cisions were  made  in  the  same  regions,  on  the  opposite  leg  (left),  how- 
ever. The  same  small  artery  and  its  branch  were  ligatured  and  severed. 
All  conditions,  except  loss  of  blood,  were  practically  the  same,  in  time 
and  degree,  as  at  the  operation  of  the  second  period. 

Fifth  period.  Bffeoti  of  a  second  and  rapid  bemorrbage.  Days,  53-72 ; 
DaoemlMr  33,  1902-J«uuar7  11,  1903.  —  The  influence  of  the  anaes- 
thesia and  operation  on  nitrogenous  elimination  in  the  last  period,  was 
almost  as  great  as  in  the  first  hemorrhage  period  (Tables  II  and  VI). 

>  About  5  c.c.  of  urine  was  suddenly  ejected  during  the  initial  administration 
of  [he  anx.sthetics.  It  was  collected  with  filler  paper  and  added  lo  the  cage-wash- 
ings. There  were  only  two  additional  occurrences  of  this  kind  in  all  our  experi- 
ments.    Seepages  184  and  18;. 

*  By  the  term  "operation,"  we  mean  not  only  the  incision  but  the  ligation  of 
the  blood-vessels,  suturing  of  the  wounds,  etc. 

*  It  must  be  admitted,  of  course,  that  although  we  were  dealing  with  the  same 
animal  throughout  this  experiment,  the  plane  of  metabolism  was  at  a  different 
level  in  each  period,  and  that,  therefore,  our  "  checks  "  are  only  approximate.  But 
in  this  particular  connection  our  anxsthesia  results  are  relatively  none  the  less 
significant,  for  the  weight  of  the  dog  was  lower  at  this  time  than  before,  and, 
although  his  food  was  the  same,  he  gained  in  weight  from  the  beginning  of  the 
period.  After  hemorrhage  there  was  a  permanent  fall  off  in  weight,  except  in  one 
instance,  even  during  the  later  periods  of  the  experiments,  when  the  animal  was 
in  need  of  still  more  constructive  material  (see  Table  II)-  It  is  hardly  probable 
that  the  effects  of  ether  in  this  connection  are  reversed  after  a  hemorrhage.  See 
page  2 1  a. 
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This  fact  makes  it  seem  probable  that  the  first  hemorrhage  was  without 
very  decided  influence  on  the  cataboiism  of  proteid  matter,  and  that  the 
observed  effect  in  the  second  period  was  largely  due  to  the  operation,  or 
the  healing  process,  or  some  associated  factor  (page  234),  although  it  is 
possible  that  the  usual  conditions  throughout  the  preceding  period  were 
no  longer  entirely  comparable  to  those  of  the  second.'  That  they  were 
not  strictly  comparable  in  the  middle  of  that  period  is  indicated  by  the 
facts  referred  to  on  page  188. 

We  next  attempted  to  ascertain  the  influence  of  several  addidonal 
hemorrhages,  and,  at  the  same  time,  to  further  check,  if  possible,  the 
results  of  the  second  period. 

The  second  blood-letting  was  effected  on  the  flfty-second  day,  at  the 
usual  time,  under  conditions  essentiaJly  the  same  as  on  the  thirteenth 
day,  except  that  the  blood  was  rapidly  removed,  the  operation  was  per- 
formed on  the  lefl  leg  (same  as  in  the  fourth  period),  and  the  bk>cd 
was  drawn  directly  from  the  femoral  artery,  just  above  the  point  where 
the  saphenous  branch  left  it.  A  single  incision  was  made,  which  was  a 
triRc  longer  than  the  ones  before,  because  of  failure  to  insert  the  cannula 
into  the  remaining  portion  of  the  saphenous  artery,  but  it  was  about  equal 
in  length  to  the  two  short  incisions  in  each  of  the  second  and  fourth  periods. 
Sihedule  of  operations.  — 8.14  a.  M.,  anfesthesia  begun.  8,40,  first  in- 
cision made.  9.13,  second  incision.  9.31,  hemorrhage  commenced. 
9.40,  hemorrhage  concluded.  10.05,  anesthetic  discontinued.  10.10, 
sutures  in  place.     1045,  dog  sat  up. 

Blood.  —  The  amount  of  blood  removed  was  5.06  grams,  a  quantity 
equal  to  3.22  per  cent  of  the  weight  of  the  dog  at  the  end  of  the  fifty- 
first  day,  or  3.01  per  cent  of  body- weight  at  the  end  of  the  twelfth  day. 
Sixth   period.      BffeotB  of  a  third  (rapid)  beroorrbase.      Days,  73-79; 
Jutnary  12-18.  —  The  effects  of  the  second   hemorrhage  were  more 
decided  than  any  catabolic  results  noticed  previously  (Tables  II  and  VI). 
Although  the  dog  had  practically  returned  to  the  normal  vascular  con- 
dition, it  was  evident  that  the  second  drain  on   the  system,  with  the 
associated  operation,  etc.,  had  exerted  a  more  marked  influence  than 
the  first.    This  efTect  could  not  have  been  due,  to  any  great  extent,  to 
the  healing  process,  as  was  the  case,  perhaps,  in  the  second  period, 
although  a  greater  disturbance  in  the  circulation  of  the  limh  may  have 
been  a  contributing  factor.'    The  airKtunt  of  blood  lost  during  this  hem- 
'  A  putzling  fact  in  this  connection  was  the  steady  increase  in  the  weight  of 
the  dog  in  spite  of  the  increased  loss  of  nitrogen.     After  hemorrhage,  the  weight 
of  the  dog  continued  to  fall  in  all  cases  but  one,  in  which  instance,  it  remained 
stationary.     See  page  192. 

*  lo  effecting  the  fourth  hemorrhage,  however,  the  disturbance  of  circulation 
was  just  as  marked,  but  on  the  opposite  side,  yet  the  catabolic  effects  were 
greater,  as  was  shown  in  a  more  decided  increase  of  nitrogen  in  the  urine. 
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orrhagc  was  only  slightly  greater  than  thai  of  the  first.'  After  waiting 
three  weeks  for  restoration  of  nitrogenous  equilibrium,  and  practically 
complete  recoveiy,  a  third  hemorrhage  was  effected. 

The  usual  conditions  prevailed  for  this  third  hemorrhage.  Blood  was 
withdrawn  from  the  femoral  artery  which  had  been  opened  in  the  pre- 
vious period.  The  cannula  was  inserted  as  near  the  former  opening  as 
possible.  Lateral  branches  were  not  permanently  disturbed.  The  blood 
was  withdrawn  rapidly.  The  immediate  effects  of  this  hemorrhage  be- 
came so  evident,  in  almost  imperceptible  pulse  and  retarded  respiration, 
for  example,  that  the  anaesthetic  was  discontinued  before  the  hemorrhage 
was  stopped,  and  the  ligatures  and  sutures  were  attended  to  as  rapidly  as 
possible,  while  the  animal  was  recovering  from  anxslhesia.  Recovery 
was  more  prompt  than  we  expected. 

Schedule  0/  operations.  — 8.20  a.m..  anesthesia  begun.  8.41,  opera- 
tion commenced.  9-15,  hemorrhage  started,  q-to,  anaesthetic  discon- 
tinued. 9.24,  blood-leiting  stopped.  9-51,  sutures  in  place,  lo.zo, 
dog  sat  up. 

Blood,  —  The  amount  of  blood  withdrawn  was  505.5  grams,  a  quantity 
equal  to  3.5 1  per  cent  of  the  weight  of  the  dog  at  the  end  of  th<!  seventy- 
second  day,  or  3.01  per  cent  of  body-weight  at  the  end  of  the  twelfth 
day. 
8eT«ntb  period.  Bffecta  of  a  fourth  (bIow)  hemorrtiage.  Daya,  80-83 ; 
January  19-22. — The  metabolic  effects  of  the  third  hemorrhage  were 
similar  to  those  after  the  second  period  of  anaemia,  but  were  oot  so 
pronounced,  even  though  the  relative  amount  of  blood  abstracted  was 
greater  than  any  quantity  previously  taken  (Tables  II  and  VI).  The 
blood  was  removed  from  the  same  vessel,  however,  and  disturbance  of 
circulation  in  the  limb  in  this  period  was  not  increased  beyond  what  it 
had  been.  Consequently  there  may  have  been  less  influence  of  the 
surgery  this  time  (see  page  209), 

We  concluded  to  remove  blood  again,  and  in  large  volume,  before  the 
dog  could  fully  recover  from  the  effects  of  the  previous  loss.  Under  such 
conditions  it  might  be  presumed  that  the  combined  catabolic  effects  of 
operation  and  anaesthesia  would  be  relatively  less  if  acute  anasmia  itself 
showed  cumulative  catabolic  action. 

Blood  was  taken  from  the  right  femoral,  just  above  the  point  at  which 
the  saphenous  branch  left  it,  and  without  disturbing  any  of  its  lateral 
ramifications.  After  about  400  grams  of  blood  had  been  drawn,  the 
flow  became  very  slow,  because  of  persistent  clotting  within  the  cannula. 
In  spite  of  repeated  removals  of  clots  the  blood  issued  from  the  tube 
drop  by  drop,  rather  than  in  spurts,  as  before.    Although  heart-beat  was 

'  There  had  been  sufficient  time  for  full  regeneration  of  the  blood. 
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very  weak,  and  respiration  much  slower,  we  continued  the  hemorrhage 
until  444-5  grams  of  blood  had  been  removed.  The  administration  of 
the  anaesthetic  was  discontinued  a  few  minutes  earlier  than  at  the  first 
two  hemorrhages,  just  as  in  the  sixth  period. 

Recovery  was  fairly  rapid,  though  not  as  prompt  as  before.  For  the 
first  time  the  dog  failed  to  show  an  eagerness  for  his  food.  The  weight 
of  the  mixed  diet  was  851  grams.  Of  this  the  animal  ale  36a  grams  at 
the  usual  time,  slowly  and  indifferently.  The  dog  seemed  to  lire^  of  stand- 
ing. A  few  minutes  later  the  rest  of  the  food  was  offered  to  the  animal 
while  it  was  lying  down.  All  of  it  was  slowly  taken.  All  was  retained. 
The  dog's  strength  and  appetite  had,  however,  been  markedly  affected. 
Even  on  the  following  day  the  effect  on  the  appetite  was  still  evident, 
although  all  the  food  was  gradually  eaten. 

ScheduU  of  operations.  —  8.39  a.m.,  anaesthesia  begun.  8.55,  opera- 
tion commenced.  9.15.  about  50  c.c.  urine  eliminated  and  caught. 
9.16,  respiration.  41.  9.18,  hemorrhage  started.  9.21,  too  grams  blood 
obtained.  9.23,  200  grams  blood.  9.25,  300  grams  blood.  9-29,  400 
grams  blood.  9.39,  respiration,  22.  lo.iS,  hemorrhage  stopped,  to. 19, 
respiration,  30;  anaesthetic  discontinued.  10.31,  stitches  in  place. 
10.56,  dog  sat  up. 

BlooH.  —  The  amount  of  blood  withdrawn  was  449-3  grams,  a  quantity 
equal  to  3.22  per  cent  of  the  weight  of  the  dog  at  the  end  of  the  seventy- 
ninth  day,  or  2.67  per  cent  of  body-weight  at  the  end  of  the  twelfth  day. 
Btghtb  period.  lUfeots  of  a  fiftb,  and  fatal  hemoirbage.  Daja,  a«-85 ; 
January  23-24.  —  In  the  previous  period  we  saw  the  most  pronounced 
after-effects  of  hemorrhage,  also  the  highest  degree  of  catabolism,  as 
shown  in  greatly  increased  output  of  nitrogen,  in  spite  of  the  severe 
shock  to  which  the  animal  was  subjected  (Tables  II  and  VI).  The 
results  seemed  to  indicate  that  after  excessive  hemorrhage  proteid  catab- 
olism was  relatively  so  markedly  stimulated  that  the  possible  effects  of  the 
operation  and  anaesthesia  could  hardly  account  for  the  observed  increase. 

Although  the  previous  hemorrhage  probably  gave  us  maximum  cata- 
bolic  results,  we  ran  the  risk  of  causing  death,  in  order,  a  few  days  later, 
to  bring  out  whatever  additional  effects  might  be  shown  after  another  loss 
of  blood.  Unfortunately,  the  last  removal  was  too  much  for  the  dog,  but 
(he  cumulative  effect  of  further  hemorrhage  was  distinctly  shown. 

The  last  hemorrhage  was  conducted  under  conditions  practically  iden- 
tical with  those  of  the  preceding  period,  except  that  the  new  incision  was 
made  a  httic  higher  on  the  same  femoral  artery,  and  with  the  occlusion 
of  only  one  additional  lateral  branch.  A  short  cylindrical  clot  had  to  be 
removed  from  the  artery  before  the  cannula  could  be  inserted.  Blood 
was  drawn  until  death  again  seemed  imminent,  as  indicated  by  gasping, 
almost  imperceptible  heart-beat,  spontaneous  elimination  of  a  small  quan- 
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tity  of  urine  (which  was  completely  caught),  rigidity  of  the  tail,  etc.  The 
flow  of  blood  was  very  slow  at  this  point,  and  very  troublesome  in  its 
clotting  tendency.  The  mixture  of  blood  and  excess  of  strong  saline 
solution  (174  grams  of  15  per  cent  NaCI)  showed  a  semi'gelalinous  con- 
sistency afler  a  few  minutes,  and  contained  considerable  fibrin  and  other 
white  masses  (leucocytes).  Administration  of  the  anxsthetic  was  slopped 
early,  as  in  the  two  previous  periods. 

Consciousness  soon  relumed,  but  the  animal  showed  no  desire  to  stand 
or  sit  up.  At  noon  the  pulse  was  rapid  and  weak,  respiration  slow  and 
shallow.  The  temperature  of  the  body  gradually  fell.  Food  was  entirely 
refused  at  5  p.  m.  and  thereafter.  In  spite  of  the  use  of  a  hot-water  bag, 
blankets,  and  other  devices  to  keep  up  its  temperature,  the  animal  did 
not  revive.     Death  occurred  at  7  o'clock.    There  were  no  convulsions. 

Schedule  of  operations.  —  8.30  a.  u.,  anaesthesia  begun.  8.4a,  opera- 
tion started,  8.5a,  hemorrhage  commenced.  9.19,  hemorrhage  and 
antestbetic  stopped.  9.54,  stitching  finished.  No  attempt  at  any  time 
to  rise. 

Blood.  —  The  amount  of  blood  withdrawn  was  317-5  grams,  a  quantity 
equal  to  3.46  per  cent  of  the  weight  of  the  dog  at  the  end  of  the  eighty- 
third  day,  or  1.89  per  cent  of  body-weight  at  the  end  of  the  twelfih  day. 

As  has  already  been  indicated,  a  small  quantity  of  urine  was  passed 
during  the  operation.  The  dog  urinated  again  at  1  o'clock  in  the  after- 
noon — 152  cc. ;  specific  gravity,  1026.  The  urine  in  the  bladder  at  the 
time  of  death,  six  hours  later,  amounted  to  only  14  c.c,  and  had  the 
highest  specific  gravity  of  any  sample  yet  obtained —  1036,  Post  mor- 
tem examination  indicated  very  complete  and  general  exsangui nation. 
The  only  blood  to  be  found  in  appreciable  quantity  in  the  heart  was  a 
small  clot  in  the  left  ventricle. 

The  "  blood  count "  in  samples  of  the  blood  which  was  removed  in  the 
eariier  stages  of  the  hemorrhage  indicated  a  very  marked  decrease  in 
tlie  number  of  red  corpuscles  per  cubic  millimetre.  There  were  so  many 
clusters  of  colorless  cells  that  an  accurate  estimation  was  impossible,  but 
they  were  enormously  increased  in  number.*  They  were  very  conspicuous 
in  all  parts  of  every  field  examined.  Even  the  outward  appearance  of  the 
blood  indicated  the  presence  of  an  abnormal  number  of  leucocytes  and  a 
diminished  number  of  erythrocytes.  Of  course,  these  facts  show  the 
condition  of  the  blood  at  the  end  of  the  last  period.  After  the  hem- 
orrhage of  this  period  the  residual  blood  was  naturally  still  more  abnor- 
mal. Throughout  the  entire  experiment  each  hemorrhage  increased  the 
tendencies  in  these  directions. 
'  Leucocytes  were  in  excess  of  the  number  seen  in  post-operative,  non-septic 
leucocytosis.     See  King  :  American  journal  of  the  medical  sciences,  1902,  cxxiv. 
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The  results  of  the  last  hemonhage  are  of  value  chiefly  in  showing  how 
near  we  were  to  a  fatal  termination  after  the  foinier  one.  The  results 
following  the  previous  loss  of  blood  doubtless  represent  the  maximuin 
catabolic  effects  of  excessive  hemorrhagic  anasmia. 
BnppIeinaiitaiT  d>U,  Parloda  I-Vm.  —  In  addition  to  the  foregoing  facts 
the  following  observations  were  also  made. 

The  fluctuations  in  the  temperature  of  the  room  were  between  17°  C- 
and  35°  C.     The  temperature  was  usually  about  ai°-33°  C. 

Respiration  and  blood-pressure  appeared  to  depend  on  the  quantity  of 
blood  removed,  on  the  rate  of  its  withdrawal,  and  on  the  length  of  time 
after  hemorrhage.'     Variations  in  respiration  were  frequent. 

The  direct  losses  in  weight  on  the  day  of  operation  varied  with  the 
procedure.  The  amount  of  blood  drawn,  the  volume  of  saliva  secreted 
under  the  influence  of  the  anssthetic,  and  the  volume  of  the  urine 
excreted,  seemed  to  be  the  chief  factors  in  this  connection. 

The  reaction  of  the  urine  was  usually  acid  to  litmus.  After  the  anaes- 
thesia alone,  and  the  operation  and  anesthesia  combined,  the  reaction  was 
distinctly,  though  only  slightly,  amphoteric,  but  soon  became  decidedly 
acid  again.  After  the  hemorrhages  the  reaction  was  always  persistently 
amphoteric,  the  alkalinity  sometimes  almost  equalling  the  acidity,  and  the 
urines  showing  turbidity  due  to  earthy  phosphate.  The  amphoteric  reaction 
gradually  diminished,  and  eventually  gave  way  to  the  normal  acidity. 

The  effect  of  hemorrhage  on  hypersecretion  of  saliva  under  the  influence 
of  the  ether  was  very  marked.  The  flow  of  saliva  was  greatest  when  only 
the  anesthetic  was  administered,  or  when  the  anKsChetic  and  operation 
were  combined.  It  became  progressively  less  with  each  hemorrhage. 
At  the  last  two  blood-lettings  there  was  practically  no  salivation  associated 
with  the  administration  of  the  ansesthetic  (see  page  333). 

E^ema  about  the  point  of  operation  was  observed  on  only  one  occasion. 
This  was  on  the  fifty-fourth  day.  The  swelling  extended  for  a  short  dis- 
tance on  the  abdomen,  along  the  penis,  on  the  side  of  the  operation. 
All  signs  of  it  were  gone  on  the  following  day. 

The  blood  became  thinner  and  thinner  with  each  hemorrhage,  and 
at  the  last  operation  had  an  appearance  approaching  that  of  lakincss 
(page  aao).  Most  of  the  red  cells  seemed  to  be  a  little  larger  in  the 
last  sample  of  blood  than  in  any  before,  just  as  though  they  had  become 
somewhat  swollen.*  Proteid  was  much  diminished,  but  inorganic  content 
was  essentially  unchanged.  Progressive  tendency  to  coagulate  was  also 
observed,  culminating  in  the  striking  effect,  at  the  last  hemorrh^e,  noted 
above. 

'  Our  data  confirm  those  of  Dawson  :  This  journal,  1900,  iv,  p.  6. 
*  Similar  facts  were  also  observed  by  WrLLEBRAHo. 
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None  of  the  wounds  could  be  successrully  kept  bandaged.  Bandaging 
was  tried  at  various  times,  but  the  dog  was  determined  to  remove  every- 
thing placed  upon  him.  Fearing  that  such  efforts  would  do  more  harm 
than  any  good  the  bandages  could  accomplish,  we  permitted  the  wounds 
lo  be  exposed  to  the  dog's  own  attention.'  On  the  forty-fifth  day,  after 
an  attempt  to  bandage  the  wound  because  ot  the  accidental  hemorrhage 
referred  to  below,  the  animal  removed  and  swallowed  some  strips  of  ad- 
hesive plaster.  The  pieces  of  the. plaster  began  to  appear  in.  the  fteces 
on  the  forty-sixth  day,  and  passed  promptly  through  the  gastro-enteric 
tract  without  exerting  any  apparent  deleterious  effect.  The  increase  in 
the  amount  of  fxces  at  that  time  (forty-sixth  day),  exclusive  of  the  weight 
of  the  bandage  thrown  out,  indicated  a  disturbance  of  digestion.  But 
the  incidents  referred  to  below  also  contributed  a  share  in  vitiating  our 
results  during  the  middle  of  this  period. 

On  three  occasions  there  were  accidental  hemorrhages  from  the  wounds. 
A  few  drops  of  blood  were  lost  on  the  fifteenth  day  from  a  superficial 
source,  when  a  stitch  tore  through  the  edge  of  one  lip  of  the  wound-  On 
the  eighty-third  day  there  was  a  similar  insignificant  loss.  On  the  forty- 
fifth  day,  however,  six  days  after  the  last  previous  operation,  when  the 
wound  seemed  to  be  healing  rapidly,  a  hemorrhage  suddenly  occurred 
which  threatened  to  end  our  experiment.  At  i  p.  m.  on  that  day  the  dog 
was  heard  to  move  suddenly,  and  the  sound  of  rapid  lapping  further 
attracted  our  notice.  Instant  attention  was  given  the  matter,  and  the 
dog  was  found  to  be  lapping  a  small,  though  strong  and  persistent  current 
of  blood  from  the  wound.  A  few  drops  escaped  to  the  bottom  of  the 
cage,  but  the  rest  of  it  had  been  swallowed  before  we  were  able  to  stop 
the  flow.  We  do  not  believe  that  more  than  25  ex.  of  blood  could  have 
passed  from  the  wound  in  this  interval.  Pressure  on  the  wound  was  con- 
tinued for  some  time,  and  the  small  clot  in  the  opening  and  under  the 
remaining  stitches  was  allowed  to  stay  in  place.  The  dog  was  kept  in  a 
recumbent  position  for  an  hour  or  two,  until  immediate  danger  of  recur- 
rent hemorrhage  had  passed.  The  appearance  of  the  wounds  before  and 
after  this  incident  made  it  probable  that  this  was  the  only  special  accident 
of  the  kind,  although  a  few  new  drops  of  blood  on  the  bottom  of  the  cage 
on  the  following  morning  suggested  that  a  loss  had  occurred  again  during 
the  night.  The  appearance  of  the  wound  made  it  certain,  however,  that 
this  second  loss  must  have  been  inconsiderable,  for  the  old  clot  was  still 
in  place.  It  was  during  these  few  days  that  the  increased  catabolism  of 
the  fourth  period  was  relatively  conspicuous.' 

'  References  to  the  probable  effects,  on  metabolism,  of  licking  the  wound  may 
lie  found  on  page  223. 

'  The  fxces  at  ihis  time  were  darker  in  color  because  of  the  swallowed  blood. 
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TABLE   II. 
Daily  Rbcords  of  the  First  Metabousu  ExFERtMBNT.' 


I.  nnt  period. 

Maintenance  of  normal  nilrogenoui  equUibrium.     Nov.  1-12, 1902. 

Dav. 
No. 

Body- 

u.,».. 

F^ES.» 

Volume. 

Specific 
gravity. 

Nitrogen. 

Period  av 

ge  10  dale. 

Weight. 

Volume. 

Nitrogen- 

Fresh. 

Dry. 

1 

16.96 

499 

1017 

^ 

499 

830 

«3 

mT 

2 

16.96 

S81 

1019 

1023 

540 

9.26 

3 

16.96 

394 

1021 

7.82 

491 

878 

«.i 

22.1 

♦ 

16.95 

499 

1020 

9.84 

493 

9.0s 

35.8 

lft7 

5 

16.9Z 

461 

1020 

8.56 

487 

8.9S 

27.8 

15.6 

6 

1659 

44S 

1020 

aio 

480 

8.81 

71,1 

36,4 

7 

-17.01 

400 

1018 

6.51 

468 

8.48 

8 

16.78 

662 

1018 

11.27 

493 

8.83 

541 

38.1 

9 

16.91 

436 

1018 

7.33 

486 

8.66 

32,4 

182 

10 

16.83 

443 

1019 

7.71 

482 

as7 

30,6 

177 

U 

16« 

486 

1019 

8.57 

482 

8.57 

323 

173 

12 

16.80 

560 

1019 

10.60 

489 

8.74 

27.2 

14.4 

It 

BwondiM 

ilod.    Coo 

nbined  effects  of  anxsthesia,  opi 
(2.93S).    Noietnber  13-28. 

ration,  and 

hemorrhage 

13 

16.29 

377 

1017 

633 

377 

633 

343 

ZO.Z 

14 

16.20 

556 

1027 

13.34 

467 

984 

IS 

16.20 

501 

1022 

10.87 

478 

10.18 

36.1 

205 

16 

16.25 

370 

1022 

763 

451 

9S4 

69.1 

34,1 

17 

16.20 

570 

1025 

13.67 

475 

1037 

IS 

16J2 

307 

1017 

.'i.2S 

447 

9,SI 

453 

23.1 

19 

1637 

475 

1022 

9.84 

451 

9-56 

33,6 

2ao 

FacUrcg^ 
Blanks  a 

■Tding  foo 
det  faecM 

are  given  in  Table  L 

n  ihU  and  all  subsequent  tablei 

signify  no 

limination. 
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TABLE   W  —  teMimud. 


n.  SMnd  pMiod— c<»(ftn<n/. 

Day. 

No. 

BODY- 

Wbicht. 

URW8. 

Ficcu. 

Volume. 

Specific 
gravity. 

Periods. 

'ge  to  date. 

Weight. 

Nitrogen. 

Volume. 

Nitrogen. 

Fresh. 

Dtj. 

20 

16.33 

585 

1021 

11.40 

468 

9.79 

s; 

m 

21 

1634 

462 

1020 

9*9 

467 

9.78 

41.8 

273 

22 

1633 

512 

1019 

8.84 

472 

9*9 

23 

1632 

520 

1018 

azo 

476 

9.55 

37.5 

193 

24 

16.28 

498 

1019 

9.41 

478 

954 

37.1 

20.7 

25 

16.29 

463 

1021 

9.28 

477 

9.52 

3S5 

17.4 

26 

16.27 

444 

1019 

7.56 

474 

938 

42.5 

21* 

27 

16.18 

576 

1019 

1033 

481 

9.44 

403 

20.0 

28 

16.09 

615 

1020 

11.04 

489 

9.54 

32.8 

16.9 

I 

n.  TUtd) 

Mriol.    EB 

ecti  of  a 

ne.    November  29-Deceinber  8. 

29 

15.81 

654 

1018 

a59 

651 

a59 

64.0 

35.9 

30 

15.85 

495 

1021 

836 

575 

a58 

31 

15.88 

467 

1019 

880 

S39 

8*5 

36.2 

20.1 

32 

1602 

3SS 

1021 

azz 

501 

as4 

313 

16.7 

33 

16.03 

S12 

1020 

IttTO 

503 

8.97 

S93 

326 

34 

16.09 

4S8 

1019 

ao6 

496 

a82 

35 

t&oo 

S70 

1018 

9.01 

506 

8.85 

64i) 

36.4 

36 

16.00 

555 

1018 

178 

512 

8.84 

32* 

173 

37 

15.98 

593 

1017 

9.20 

521 

8.88 

38 

15.94 

532 

1020 

9.65 

522 

a96 

71.9 

353 

IT. 

ronrthpwj 

.od.    Com 

nned  effe. 

tsofanzslti 

eiiaando 

xration.    D 

eceml>er9-21. 

39 

15.44 

754 

1018 

9.98 

754 

9.98 

40.0 

203 

10 

15.42 

572 

1020 

ia72 

663 

1035 
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IT.  TowthpttM— 

emtinutd. 

Day. 
No. 

BODY- 

Weioht. 

Urinb. 

Faces. 

Volume. 

Specific 
gravity. 

Period  av 

ge  to  date. 

Weight. 

Volume. 

Nitrogen. 

Fresh. 

Drj. 

41 

15.M 

3^ 

1019 

*&73 

552 

*9!Ts 

1?^ 

19.0 

42 

1SA7 

520 

1024 

12.28 

S44 

9.93 

28.1 

15.5 

43 

15.68 

530 

1020 

10.07 

541 

9.96 

63.4 

35.4 

44 

15£B 

596 

1018 

9.27 

550 

9.84 

4S 

15.7Z 

400 

1019 

7.77 

529 

9J5 

41.9 

21.7 

46 

15*9 

558 

1020 

11.12 

533 

9.75 

118.8 

51.4 

47 

15.68 

SZ6 

1023 

12.81 

532 

1009 

48 

15.66 

5S6 

1021 

10.87 

534 

10.16 

21.3 

1S.7 

49 

15.74 

405 

1018 

7.41 

SZ2 

9,91 

32.S 

1S.7 

SO 

15.70 

S7S 

1018 

9.68 

S27 

9.89 

S1.0 

29-J 

SI 

1S.7Z 

580 

1018 

laoo 

531 

9.90 

23.2 

13-J 

T. 

nniipMb 

Id.    EfiEect 

ofasec. 
J" 

nd  hemorrb 
nuary  11, 1< 

age  (3.01' 

).     Decern 

5erZZ.lS 

102- 

52 

15.18 

4Z8 

1014 

5.58 

428 

SJ8 

303 

191 

53 

15.09 

590 

1027 

13.S1 

509 

9.55 

54 

14.92 

S79 

1024 

13.06 

532 

ia72 

30.6 

163 

55 

14.76 

620 

1020 

11.62 

554 

ia9t 

57.8 

37.7 

56 

14.76 

478 

10Z6 

11.89 

539 

11.13 

26J 

ia3 

57 

14.76 

447 

1024 

ia27 

524 

ia99 

18.4 

11.1 

58 

14.77 

534 

1024 

13.19 

525 

UJO 

27.8 

14.7 

59 

14.77 

482 

1022 

10.93 

520 

11.26 

41.5 

aa7 

60 

14.78 

415 

1018 

7.02 

506 

10.78 

48.7 

24.5 

61 

14.7S 

566 

1023 

11.77 

514 

10.88 

Z4J 

16.7 

62 

14.70 

598 

1019 

ia29 

521 

10.83 

33.S 

16.9 

63 

14A4 

600 

1020 

11-47 

528 

1088 

313 

1&8 
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Day. 
No. 

BODV- 
W  EIGHT. 

Urihb. 

Vjko. 

Volume. 

Specific 
gravity. 

Period  a<i 

'ge  to  date. 

Weight. 

Nitrogen. 

Volume. 

Nitrogen. 

Fresh. 

Dry. 

61 

14.56 

534 

1020 

KIJ3 

S» 

m84 

69.0 

377 

f& 

14.44 

620 

1019 

ia97 

535 

10.85 

£6 

14.46 

168  , 

1020 

9.48 

531 

10.76 

35.5 

17.5 

67 

14.45 

546 

1021 

10.97 

532 

10.77 

69.1 

35.9 

68 

14.43 

522 

1019 

9.61 

531 

IftTO 

69 

14.45 

SIO 

1020 

9.81 

530 

10.65 

48.9 

263 

70 

143S 

542 

1019 

9.72 

531 

10£1 

33.5 

ZIX) 

71 

14.40 

518 

1018 

9.22 

530 

10J4 

375 

19.8 

72 

14.42 

534 

1018 

9.17 

530 

10.47 

103.8 

46,1 

Tt  Hxth 

period.    Ef 

fccu  of  a 

third  faemo 

■rhage  (3.5 

%).    Janoarjr  12-18. 

73 

13.76 

460 

1018 

7.91 

160 

7.91 

74 

13.80 

475 

1026 

11.55 

168 

9.73 

75 

13.70 

624 

1021 

13.01 

520 

10S2 

47.S 

23.0 

76 

13.76 

391 

1023 

9.03 

188 

1038 

12J 

21.7 

77 

13.82 

412 

1024 

1044 

473 

1039 

57  8 

28.0 

78 

13«) 

181 

1024 

10.96 

475 

10.48 

1039 

38J 

79 

13-77 

188 

1018 

8.33 

477 

1018 

56J 

197 

TI 

L  laTuith 

IMriod.    E 

if  ecu  of 

1  fourth  hen 

orrhage  (3 

22%).    January  19-22. 

80 

13J5 

463 

1018 

8.88 

163 

888 

81 

13-36 

518 

1033 

13.92 

190 

1110 

8Z 

13.0+ 

770 

1022 

17.11 

581 

13.31 

29.5 

15.9 

83 

12.90 

161 

1024 

11.7S 

554 

12.92 

131.5 

S9« 
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TABLE   W  —  cotOinuid, 


vm.  Bigbtli pMiod.     ERectsorafiElhandfaulhemorrhage  (2.16%).    January 23-24. 


Period  av'ge  to  date. 


IX.  SnpiOemaituT  daU.    Pariodi  I-TUI.     [See  also  Tables  I[I-X1.] 


Blood  and  excretions , 


A.  Urim: 

Total  nitrogen  .     . 

B.  Cagt  ■mashings : 

Nitrogen  .... 
Sulphur  .  .  .  . 
Phosphorus .     .     . 

C.  BUod:^ 

Specific  gravity     . 

Percentage  content 
Nitrogen  .  .  - 
Sulphur  .  .  . 
Phosphorus  .    . 


2.8S0 
0.J34 
0.040 


1  The  total  amount  of  blood  lo»t  in  the  five  bemorrbages  was  2271.2  grams. 
The  first  four  losses  of  blood  amounted  to  19S3-7  grams,  or  11.63  per  cent  of  the 
weight  of  the  dog  on  the  day  before  the  first  hemorrhage. 


AaalrUo  leanlta.  —  The  more  significant  average  results  of  daily  and 
period  duplicate  analyses  during  this  experiment  are  recorded  in 
Tables  II-Xl. 

DlaoiiMioii  of  rMolta.  Decline  in  weight.  —  Examination  of  the  data 
recorded  in  Table  11  shows  that,  in  spite  of  the  fact  that  the  same 
amount  of  food  was  given  daily,  there  was  an  irregular,  though  steady 
decline  in  the  weight  of  the  dog,  a  fall  from  16.96  kilos  at  the  begin- 
ning, to  12.63  kilos  at  the  end.  The  greatest  falls  in  weight  occurred 
on  the  days  of  hemorrhage,  with  sometimes  a  rally  during  the  next 
few  days;  but  with  the  exception  of  the  sixth  period,   there  was 
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always  a  steady  decline  in  weight  after  each  loss  of  blood.  Nitrog- 
enous equilibrium  was  repeatedly  re-established,  but  on  successively 
lower  planes.  Loss  of  blood  and  wliva,  increased  catabolism,  and 
greater  excretion  of  water,  are  the  more  obvious  reasons  for  these 
facts.* 

Fluciuations  in  volume  of  the  urine.  — The  daily  volume  of  urine 
fluctuated  between  307  ex.  (eighteenth  day)  and  770c-c.  (eighty-sec- 
ond day).  The  average  daily  quantity  for  each  period  gradually  in- 
creased with  the  recurring  blood-lettings  (except  after  the  third),  in 
spite  of  the  fact  that  the  dog  was  evidently  in  need  of  water  to  replace 
that  lost  through  hemorrhage  and  diuresis.  The  amount  of  water  in 
the  food  remained  the  same  each  day. 

table  iii. 
Total  Urinb  Volumes  on  the  Opening  Days  op  the  Psiiidds. 


Conditions. 

Period. 

VOLUUB  OF   UKIHX. 

No. 

Firil  day. 

Second 
day. 

Third  day. 

Fourth 
day. 

Second  hemorrhage      .    . 
Fourth  hemorrhage      .    . 

II. 
V. 
VI. 

vn. 

377 
4Z8 
460 
463 

S90 
475 
518 

soi 

579 
770 

370 
6S0 

391 
164 

III. 

IV. 

TH 

495 
572 

167 

sso 

520 

1  Wilh  each  luccetding  hemorrhage  the  low  initial  volume  TOae  slightly,  but  Ihe 
cumulative  increase  afterward   became   more  decided  and  wai  longer'continued. 
The  effect  of  an«athe»ia  wu  similai  in  Ihc  ^st  respect. 

The  figures  for  average  volume  tell  only  a  part  of  the  story,  how- 
ever. After  each  hemorrhage  the  volume  for  that  day  was  always 
less  than  the  daily  average  for  the  preceding  period  and  for  the  period 
which  it  opened.  In  most  cases  the  differences  are  very  striking. 
The  daily  volume  of  urine  after  hemorrhage  was  at  first,  therefore, 
relatively  small,  but  it  rapidly  increased  to  a  maximum  on  the  second 
or  third  day.,  and  on  one  occasion  (fifth  period)  the  increase  was 
*  See  the  ttHrd  metabolism  experitneDt  for  further  facts  in 
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cumulative  to  a  climax  on  the  fourth  day.  The  results  in  the  con- 
trol periods,  after  anaesthesia  alone,  and  following  anassthesia  combined 
with  operation,  were  just  the  reverse.  On  the  days  of  anEesthesta  the 
very  highest  volumes  of  the  periods  were  attained,  and  there  was  an 
immediate  and  steady  fall  to  a  minimum  on  the  third  or  fourth  day.' 

TABLE   IV. 
Fractional  Volumes  of  Urike  on  thb  Opening  Days  or  the  Fekiods. 


UavofExpkkiheht.i 

Fractional  Volumes  of  Urinb. 

Total 
vol. 
for  the 
day." 

At  8 
before 
at^n 

8  A.M. 
5  P.M. 

Volume,  and  time 
of  elimination,  of 
the  Ant  fraction 
after  operation  (at 
9  a.m.). 

Volume,  and  time  of 
elimination,  of  the 
Momd  fraction  after 
operation  (at  9  a.m.). 

u 

S2 
73 
60 
St 

Itt  hemorrhage 
2d  hemorrhage 
3d  hemorrhage 

5th  hemorrhage 

377 
428 
460 
463 
455 

877 
4St 
300« 
468' 

303' 

Nme 
Norkc 

160 
None 

152 

None  till  after  mid- 
night 

None  till  after  mid- 
night 

160  at  1  JO  P.M.' 

200  at  8J0  P.M.' 
152  at  2  P.M.I 

None  till  after  8  a.m. 

next  day 
None  till  after  8  A.H. 

next  day 
None  till  after  8  A.M. 

next  day 
None  till  after  1P.M. 

next  day 
[Dog  died  at  7  p.m. 
-14  oc.] 

29 
39 

AnKSthesia  alone 
{operation.    .    .{ 

654 
754* 

366 

460 

288 
294 

288  at  4.15  p.m. 
Z94  at  4.20  P.M. 

170  cc  at  9  p.m. 
140  cc.  at  SJ5  P.M. 

>  Enda  at  5  P.M. 

■  Note  the  increaiing  first-day  volume. 

•  This  amount  began  Co  collect  before  the  previous  midnight.    On  other  than 

•  Between  30CM00  of  IhU  quantity  bad  be«n  eliminated  about  two  hours  before 
the  previous  midnight. 

•  This  volume  began  to  collect  shortly  after  the  previous  raidnigbl. 

•  Including  the  small  volume  (50  c.c)  passed  during  the  operation,  at  about  9.1S 
A.M.    See  page  184. 

emptied.     See  Note  7. 

•  During  the  twenty-four  hours  from  8  a.m.  of  the  thirty.ninth  day  to  8  A.M.  of 
the  fortieth  day,  774  c.c.  were  passed  — the  largest  volume  tor  any  twenty-four  hour* 
in  the  entire  experiment. 

'  See  Tables  III  and  IV  for  further  facts  bearing  on  the  effects  of  hemorrhage 
and  ether  on  the  excretion  of  urine,  and  page  iz8  for  additional  references  to  the 
e  of  the  former. 
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The  initial  retarding  effects  of  hemorrhage  on  excreted  volume 
are  no  more  striking  than  the  results  of  subsequent  stimulation. 
Table  III  shows  this  with  special  clearness,  and  oflers  direct  com- 
parison with  the  opposite  effects  of  the  anaesthetic.  In  spite  of  the 
great  stimulating  effect  of  the  ether,  in  the  amounts  used  by  us,  on 
volume  during  the  first  twenty-four  hours  after  anaesthesia  alone, 
hemorrhage  at  once  decreased  the  urinary  excretion.  Hemorrhage 
without  anaesthesia  would  doubtless  have  given  even  more  decidedly 
inhibitory  results.  These  observations  are  further  emphasized  by 
the  data  in  Table  IV  showing  initial  effects  on  fractional  elimination.' 

Specific  gravity  of  the  urine.  — With  only  a  few  exceptions  the 
specific  gravity  of  the  urine  showed  little  variation  from  the  average. 
On  the  day  of  hemorrhage  there  was  always  a  decrease  in  specific 
gravity  just  as  there  was  in  volume.  The  specific  gravity  of  the 
urine  on  this  day  always  went  to  the  lowest  point  recorded  in  the 
whole  period,  and  was  much  lower  than  that  of  the  preceding  urines. 
On  the  following  day,  however,  when  the  volume  rose,  specific 
gravity  went  up  with  it  and,  going  to  the  opposite  extreme,  invariably 
proceeded  to  the  highest  mark  registered  in  the  period,  falling  shortly 
to  the  usual  figure.  Such  effects  were  lacking  in  the  control  periods. 
These  observations  and  the  facts  recited  above  make  it  probable  that 
after  a  hemorrhage  there  is  at  least  a  temporarily  increased  total 
metabolism,  in  spite  of  the  lessened  resources  of  the  blood  still  re- 
maining in  the  body.* 

Nitrogenous  catabolism.  —  An  examination  of  the  many  figures  in 
Table  II  for  nitrogen  of  the  urine  reveals  the  fact  that  a  single 
moderate  hemorrhage  was  followed  by  slight  though  only  temporary 
stimulation  of  nitrogenous  catabolism.  Our  data  show  that  with  the 
dog  in  approximate  nitrogenous  equilibrium  before  each  blood-letting 
(except  the  last),  there  was  an  immediate  increase  in  the  output  of 
nitrogen  after  each  hemorrhage,  this  excess  of  excreted  nitrogen 
being  slight  after  the  first  hemorrhage,  but  growing  somewhat  larger 
with  each  successive  loss  of  blood.  That  a  minor  part  of  this  hemor- 
rhagic stimulation  of  catabolism  resulted  each  time  from  consequences 
of  the  sut^ical  procedure  itself  seems  to  be  indicated  by  the  fact  that 
there  was  a  similar  though  smaller  increase  of  nitrogen  output  during 
the  anaesthesia-operation  period  (IV)  and  that,  too,  in  spite  of  the  fact 

'  On  page   2,00  reference  is  made  to  the  ratio  between  urinary  nitrogeD  and 
volume.     See  also  the  special  experimeats  on  urine  formation,  page  zzS. 
*  Facts  regarding  total  solids  are  given  on  page  203.     See  also  page  201. 
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TABLE   V. 
Analytic  Totals  akd  Avekacbs  fob  Nitrogen  in  each  Period. 


Periods. 

I. 

12  days. 

ir. 

16  days. 

III. 
10  days. 

IV. 
13  days 

V. 
21  days 

VI. 

7  days. 

VII. 
4  days. 

Food» 

Excreta    .... 

116.0S 

i«!m 

167.30 

10271 
99.10 

I33.SZ 
140.71 

239.03 

7L90 
77.13 

41.08 

55.25 

Balance  ■      .     .    . 
Blood 

-1-7.20 

-2.96 
-12-76 

-^3.6l 

-7.19' 

-23.34 
-14.45 

-5.23 
-11.72 

-14,17 
-&30 

Balance  b     .     .    . 

-15.72 

-37.79 

-16.95 

-22.47 

Average  Daily  Balances.                                            1 

Balances      .    .    . 
Balance  b      .    .    . 

+0.60 

-^).19 

-0.98 

-H).36 

-OJS 

-1.11 
-1.80 

-0.7S 
-242 

-3.54 
-5.61 

Total  Nitbocen  of  Excretions.                                       1 

Urine    and    cage- 
washings  .    .     . 

Faces 

Hair 

106.67 
7.09 
2.29 

155.07 

a96 

3.27 

91.54 
5.81 
1,75 

131.25 
7.SS 
1.91 

223.35 
1232 
3.36 

72.18 
3.94 
1.01 

SZ.27 
2.43 
055 

Total 

116.05 

167.30 

99.10 

1«.7I 

239.03 

77.13 

55.25 

Average  Daily  Nitrogen  op  Excretions.                                | 

Urine    and    cage- 
washings  .    .     . 

Fkccs 

Hair 

8.89 
059 

ai9 

9*9 
056 
020 

915 
0.58 
018 

1009 

0.S8 
015 

10.63 

as9 

016 

10.32 
056 

ai4 

13.06 
0.61 
0.14 

TdUl 

9.67 

10.15 

9.91 

1082 

11J8 

11.02 

1381 

'  The  aversige  daily  nitrogen  of  (he  food  was  10.S7  grams  in  each  period. 
*  See  discussion  on  page  188.    See  also  Table  VI. 
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that  during  the  previous  period,  in  which  we  determined  the  effect  of 
anaesthesia  alone,  there  was  a  distinct  decrease  in  the  excretion  of 
nitrogen.  That  the  increased  nitrogen  of  the  urine  in  this  period 
(IV)  cannot  be  ascribed  to  diuretic  influences  seems  clear  on  com- 
paring the  results  following  the  influence  of  ether  alone  (Period  III), 
when  diuresis  was  almost  as  marked,  although  nitrogen-output  was 
actually  diminished^ 

Table  V  shows  the  differences  indicated  by  the  figures  for  totals 
and  daily  averages  of  nitrogen  ingesta  and  excreta,  etc.,  for  the  first 
seven  periods  of  our  experiment. 

The  data  in  Table  V  show  only  total  and  average  effects.  The 
"  period  averages  to  date,"  in  Table  11,  help  to  make  clear  the  initial 
effects  of  hemorrhage,  etc.,  and  they  show,  indirectly,  the  after-effects 
also.  In  long  periods,  such  as  those  of  the  present  experiments, 
there  may  be  tendencies  to  equalization  or  submergence  of  initial 
effects;  first  results  may  be  wholly  or  partly  balanced  by  after- 
effects. This  is  especially  true  when  the  new  condition  marking  off 
the  period  is  of  temporary  influence  or  is  non-cumulative  in  power. 
In  these  experiments,  initial  results  were  certainly  followed  by  counter- 

*  The  following  summary  gives  sample  results  of  the  analyses  of  the  period 
"composite"  urines,  which  were  carried  out  to  check  the  daily,  results: 


Pkriod. 

Total  Nitrocbk,  in  Gbams. 

No. 

Composite 

. 

urmei. 

Tot.1. 

Dwly. 

I. 

10430 

1M.M 

0.54 

0.04S 

II. 

I52J1 

iM.n 

037 

0023 

III. 

89.48 

88.BI 

009 

0009 

IV. 

180.SS 

1Z8,70 

16Z 

ai25 

V. 

S90.M 

219.91 

0.57 

0.027 

VI. 

70.H 

71.SS 

069 

a098 

VII. 

51.16 

tl.69 

0.S7 

0.14Z 

A  year  Afterward,  several  of  these  samples  were  again  analyzed,  and  found  to  have 
the  same  nitrogen-content.  They  had  been  preserved  with  powdered  thymol. 
See  Mead  and  Gies,  loc.  at,  p.  107,  for  a  similar  observation. 
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TABLE  VI. 
Sdmuary  or  NiTKDOBN  Totals  fok  Days  imuidiately  prbckdino  and 

POLLOWIHG  THE  OPENING  OP  BACH  PERIOD. 


Periods. 

NlTBOGEN.' 

No. 

Day*. 

Condition*. 

Fractions— 
""day." 

Total. 

Balance  ft.* 

Begin- 
ning. 

End. 

In- 
gested. 

Ex- 
creted. 

Total. 

Daily 
averag. 

I. 

L-IZ 

Normal 

8-12 

51.36 

5015 
56J9 

+r2i 

-5.03 

-^a2S 
-1-01 

n. 

13-Z8 

Anxstheua,  operation, 
and  Srat  hemorrhage 
(2.93%)    ...    . 

13-17 

24-28 

51J6 

41« 

52.17 
37.98 

-0.81 
+3.10 

-ai6 

+0.M 

III. 

29-38 

2W2 

35-38 

41XS 
51 J6 

4ft45 
5439 

-fO.63 
-3XB 

-H0.16 
-0.S1 

IV. 

39-51 

Anxatheua  and  opera- 

39-43 

48-51 

41,06 

71.90 

41.65 
S5.50 

-0J7 
-13.60 

-0.14 
-IJ* 

V. 

52-72 

Second      hemorrhage 

(3.22  %>    .    .    .    , 

52-58 

68-72 

5146 

52.12 
35.01 

-0,76 
-4.20 

-ftIS 
-1.40 

VI. 

73-79 

(3.S1  %).... 

73-75 

76-79 

41.08 
41.08 

42.14 
55.25 

-1.06 
-14.17 

-0.27 
•-S.H 

VII. 

ao-s3 

Fourth  hemorrhage 
(3.26  S)     ,    .    .    . 

Entire  period. 

way  in  each  column  show  at  a  glance  the  eflecu  btfon  and  ittw  the  inttoduclioa  of 
the  new  condition. 
*  See  Table  V. 
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bakncing  effects  and  were  buried  in  the  period  totals.  The  columns 
of  "  period  averages  to  date"  show  this  very  clearly.  The  effects  of 
the  hemorrhages,  in  the  earlier  periods  especially,  soon  wore  off,  and 
the  dog  returned  to  nitrogenous  equilibrium,  although  the  period 
totals  do  not  indicate  it.  These  facts  are  shown  conspicuously  in 
Table  VI. 

The  observed  increase  in  nitrogen  output  was  registered  solely  in 
the  urinary  constituents.  Hemorrhage  seemed  to  have  no  appreciable 
effect  on  the  elimination  of  nitrogen  in  other  excreta.  The  daily 
quantities  of  nitrogen  in  the  fasces  and  hair  were  very  uniform,  as  the 
figures  in  Table  V  will  show.  We  found  this  to  be  the  case,  also,  in 
the  fractional  periods  indicated  tn  Table  VI. 

In  Table  V  the  nitrogen  of  the  cage-washings  is  included  with  that 
for  urine,  for  the  reason  that  practically  all  of  this  nitrogen  came  from 
urine  in  the  first  place.  That  the  figures  for  nitrogen  in  the  cage- 
washings  do  not  affect  our  deductions  in  any  way  is  evident  from  the 
following  summary  of  average  daily  quantities  thus  recovered  : 

Periods r.  II.  III.  IV.  V.  VI.  VII. 

Nitrogen,  in  grams    .    0153        aiSO        0.197        0.195        0.164        0.140        ai4S 

The  increased  quantities  of  nitrogen  in  the  washings  of  the  third  and 
fourth  periods  seem  to  have  been  due  merely  to  the  fact  that  urina- 
tion was  then  more  frequent,  and,  therefore,  a  larger  amount  of  urine 
was  each  day  mechanically  held  (and  dried)  at  the  bottom  of  the 
cage. 

The  catabolic  losses  of  nitrogen  after  hemorrhage  should  be  judged, 
also,  in  connection  with  the  losses  of  nitrogenous  matter  from  the 
blood.  In  Table  V  we  have  indicated  the  total  as  well  as  average 
daily  loss  of  nitrogen  from  both  sources,  blood  and  excreta  — 
"  balance  b."  In  considering  the  losses  of  nitrogen  after  the  anaesthe- 
sia-operation period,  for  example,  it  must  not  be  forgotten  that  with 
no  removal  of  blood  the  effect  in  the  direction  of  increased  nitrogenous 
catabolism  was  relatively  less  than  in  the  periods  during  which  much 
blood  was  lost.  The  same  is  true  in  connection  with  phosphorus  and 
sulphur  compounds,  and  other  metabolic  products. 

The  ratio  of  nitrogen  content,  in  grams,  to  urinary  volume,  in  c.c, 
was  I  to  56,  in  the  normal  period.  In  the  anaesthesia  period  (III), 
the  ratio  was  i  to  60.  In  the  anasthesia-operation  period  (IV),  it 
was  I  to  55.  In  the  hemorrhage  periods  it  varied  between  I  to  50, 
after  the  first,  and  i  to  40  after  the  fourth  loss  of  blood. 
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A  regularly  occurring  feature  in  connection  with  nitrogenous 
equilibrium  was  the  fact  that  although  the  food  (uniform  through- 
out) was  apparently  just  right  at  the  beginning  of  the  experiment 
for  the  maintenance  of  metabolic  balance,  it  was  never  found  to  be 
too  great  for  the  prompt  restoration  of  nitrogenous  equilibrium.  It 
may  have  been  temporarily  in  excess  of  the  immediate  needs  of  the 
animal,  however,  ^ter  the  greatest  losses  following  hemorrhage. 
The  previous  fact  would  indicate,  perhaps,  that  the  original  equilib- 
rium was  established  on  a  relatively  low  plane.  Nitrogenous  equi- 
librium was  repeatedly  re-established  by  the  same  amount  of  food  in 
it  dog  gradually  losing  weight.  Regenerative  utilization  of  some  of 
the  nitrogenous  matter  doubtless  accounts,  in  part  at  least,  for  the  fact.^ 
Chloride  in  the  urine.  —  The  lowered  nitrogen-content  of  the  urine 
during  the  earlier  part  of  the  anesthesia  period  (III),  was  a  surprise 
because  of  the  fact  that  the  specific  gravity  remained  about  the  same 
as  previously, even  though  the  volume  was  much  increased.  Repeated 
nitrogen  determinations  confirmed  the  accuracy  of  our  original  results. 
We  were  inclined  to  believe,  at  first,  that  the  compensating  influence 
might  be  due  to  increased  excretion  of  phosphate,  but  the  very  small 
amounts  of  phosphorus-containing  compounds  in  the  urine  could  not 
have  accounted  for  it.  Determinations  of  chlorine,  however,  indicated 
the  cause  of  the  sameness  of  specific  gravity,  in  spite  of  lessened  elim- 
ination of  urea  and  increased  volume.  The  results  summarized  in 
Table  VII  show  that  chlorides  were  increased  in  the  urine  after  ether 
anaesthesia.  This  increase  was  far  in  excess  of  any  chloride  that  may 
have  originated  from  the  small  amount  of  chloroform  administered  at 
the  beginning  of  ansEsthesia. 

On  adding  to  water,  in  a  sample  urinary  volume  (654  c.c),  an 
equivalent  amount  of  chloride  in  the  form  of  NaCI  (7.2  grams),  the 
specific  gravity  of  the  solution  became  1009.  On  adding  to  this  the 
twenty-ninth  day's  portion  of  nitrogenous  matter  in  the  form  of  urea 
(18,4  grams),  the  specific  gravity  rose  to  1015.  The  specific  gravity 
of  the  urine  for  that  day  was  1018,  leaving  3  points  unaccounted  for,' 
and  made  up  by  the  other  constituents. 

The  increase  in  the  specific  gravity  of  the  urine  after  hemorrhage 
in  the  other  periods  was  doubtless  due  not  only  to  diminished 

'  See  the  results  of  the  third  metabolism  experiment. 

•  There  arc  obviously  several  minor  errors  in  such  calculations,  though  they  are 
approximately  correct.  See  Long  :  Journal  of  the  American  Chemical  Society, 
1903,  «iv,  p.  872. 
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excretioa  of  water,  but  also  to  an  increased  output  of  chloride 
tbrougb  tbe  influence  of  the  arussthetic,  and  of  urea  as  a  result  of 
the  loss  of  blood.' 

TABLE   VIL 
Urinary  Chlorinr  before  and  after  EtheR' Anesthesia. 


Period. 

Urine. 

Period. 

Urime. 

No. 

Diy>. 

Vol. 

Sp.  Kr. 

CI. 

N. 

No. 

Day.. 

Vol. 

Sp.gr. 

CI. 

N. 

II. 

2A 

m 

1019 

TS 

^ 

IIL 

29 

654 

1018 

«7 

^ 

25 

463 

1(B1 

I.7I 

9.28 

30 

495 

1021 

8.65 

8.S6 

26 

■M4 

1019 

1.65 

7.56 

31 

467 

1019 

8.71 

8.80 

27 

S76 

1019 

1.BT 

1033 

32 

388 

,»z. 

8.SB 

a22 

28 

61S 

lOZO 

1.60 

11.W 

Average 

519 

1.78 

9.52 

Average 

501 

ZM 

8J4 

TABLE 

vin. 

SuuMARY  OF  Analytic  Data 

FOR  Total  Sulfhur  and  Phosphorus  Metabolism. 

PSRtODS. 

Sulphur. 

Phosphorus. 

Total. 

Balance  a.' 

Total. 

Balance  •.>   1 

i 
1 

1 

1 

l| 

1 

1 

1 

I. 

Normal 

"m 

^ 

^1 

-W135 

wTJ 

nm 

■^5 

-f*W5 

II. 
III. 

Aniesthes.,  operation,  and 
Anx*thesia  alone   .    .    . 

1238 
8.44 

13.27 
7J9 

-0J9 

+L0S 

-0.023 

+0105 

39.30 
24.57 

3136 
24.42 

+1.94 
+0.15 

+ai23 
+0015 

IV. 

combined 

11.47 

11£S 

-ai8 

-0.014 

31.94 

29.84 

+2.10 

+0.163 

V. 

16.83 

20£4 

-3.81 

-0180 

51.29 

5086 

+0.43 

+0O22 

VI. 

4.99 

659 

-1.60 

-a229 

16.98 

16.53 

+0.4S 

+0.06S 

VII. 

4th  hemorrhage  (3.26%)  . 

2.ai 

4.24 

-1.39 

-0348 

9.70 

10.43 

-a73 

-0.180 

>  See  Table  V. 

'  See  pages   196,  203.     Hemorrhage  itself  causes  diminished  elimlDation  of 
chloride  in  the  urine.     Kast:  Zeilschrift  fur  physiologische  Chemie,  i888,xji,  271. 
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Sulphur  catabolism.  —  Our  results  for  sulphur  metabolism  run 
parallel  with  those  for  nitrogen  elimination,  as  the  data  in  Tables 
VIII  and  IX  indicate. 

Our  figures  in  this  connection  give  the  results  of  analysis  of  the 
various  excreta  for  whole  periods.  Daily  analyses,  such  as  were 
made  for  nitrogen,  would  probably  have  shown  that  the  greatest 
increase,  in  the  catabolism  of  sulphur  compounds  occurred  during 
the  days  immediately  following  the  hemorrhages.  There  was  doubt- 
less a  return  to  the  normal  excretion,  toward  the  ends  of  the  periods, 
as  in  the  case  of  nitrogenous  catabolism.' 

Phosphorus  catabolism. — Tables  VIII  and  IX  also  give  our  period 
data  in  connection  with  phosphorus-exchange.  The  tendency  in  the 
metabolism  of  phosphorus  compounds  was  mainly  the  reverse  of  that 
shown  by  the  nitrogenous  and  the  sulphur-containing  products,  al- 
though the  results  are  not  very  decided  one  way  or  the  other.  The 
phosphorus  balance  was  on  the  side  of  retention.  The  excess  of 
ingested  over  excreted  phosphorus  was  least  in  the  anaesthesia  period 
(III),  and  greatest  in  the  anaesthesia-operation  period  (IV}.  Al- 
though the  results  were  not  very  striking,  operation  and  hemorrhage, 
in  most  instances,  seemed  to  cause  slight  retention  of  phosphorus;  ' 
etherization  favored  increased  elimination,'  On  the  other  hand, 
ether  anaesthesia  decreased  the  elimination  of  nitrogen  and  sulphur, 
whereas  operation  and  hemorrhage  increased  the  quantities  of  these 
elements  in  the  excreta.  We  are  unable  to  explain  the  variation 
from  the  usual  order  after  the  fourth  hemorrhage. 

As  in  the  case  of  nitrogenous  catabolism  throughout  this  experi- 
ment, the  differences  in  output  of  sulphur  and  phosphorus  compounds 
were  registered  in  the  urine,  not  in  the  other  excreta.  This  fact  may 
be  deduced  from  the  data  in  Table  IX. 

Total  solids  in  the  urine.  —  In  Table  X  we  give  the  average  daily 
quantities  of  total  solids*  in  the  urines  passed  during  the  first  three 
days  of  each  period.  The  catabolic  results  indicated  by  these  figures 
are  relatively  the  same  as  those  of  the  data  for  nitrogen  and  sulphur. 
After  the  first  hemorrhage,  the  elimination  of  total  solids  rose  above 

"  See  Table  VI. 

'  In  spile  of  the  Urge  quantities  of  phosphate  in  the  food  and  fxces,  we  are 
confident  our  analytic  data  in  this  connection  are  without  material  error. 

*  Total  solids  were  calculated  from  the  figures  for  specific  gravity.  We  used 
Lomg'S  factor,  0.234  C^*  20°  C.  referred  to  water  at  4°  C).  See  Long  :  Journal  of 
the  American  Chemical  Society,  1903,  xxv,  p.  263. 
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TABLE   IX. 
SuMUARV  OF  Analytic  Data  fok  Sulphua  ii 


IZdaya.    16da)>s.    10  days.   13  days. 


Total  Sulphur  op  ExckwiONS. 


9-189 
3.340 
0.«9 


AvBKAGE  Daily  Sulphur  of  Excretions. 


Fkc«s. 
Hair    . 


0.743 
0.219 
0.019 


Sulphur  Balancrs, 


Tolal    period  bal- 
Blood 


-1.603 
-ft680 


-1383 

•Hieso 


Total  balance  b  >  . 
Average  daily  bal- 


-4.492 

-0.214 


-2.283 
-0.326 


-2.033 
-aS08 


1  See  Tables  V  and  VIII. 


the  normal.  In  the  anaesthesia  and  anaesthesia-operation  periods 
(III  and  IV),  total  solids  were  also  somewhat  above  normal  in 
quantity,  but  below  the  amount  excreted  after  the  first  hemorrhage. 
After  the  second  hemorrhage  (Period  V),  the  increased  elimination 
of  solids  was  greater  than  after  the  first  hemorrhage.  After  the  third 
loss  of  blood  (Period  VI,),  the  solids  of  the  urine,  while  still  above 
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TABLE   VL.  —  c»nliHued. 
Summary  op  Analytic  Data  for  Fhosphobus  in  the  Exckbt 


EXCKKTIONS. 

FBRrODS. 

I. 
IZdays. 

II. 
16  days. 

III. 

10  days. 

IV. 

13  days. 

V. 
Zl  days. 

VI. 
7  days.. 

VII. 

4  days. 

Total  Phosphorus  of  Excrktions. 

Urine     and    c^e- 
wuhinp  .    .     . 

F«ee. 

H«r 

S.7S9 
Z2.300 
0.86Z1 

ass4 

28.670 

0.13Z 

4.W9 
19.400 
0.069 

&070 
23.660 
a088 

10983 
39.720 
0-lSS 

X368 
13.110 
0.0.S1 

f«9 
7.995 

a025 

AvKRAGE  Daily  Phosphorus  of  Excretions. 

Urine    and    cage- 
wa«bings   .    .    . 

Faces 

lUit 

a479 
1.860 
0.072' 

as3s 

1.790 

0.008 

a49S 
1.940 

aoo7 

0.467 
1.820 

0.007 

0.523 
1.890 

aoo7 

0.481 
1.873 
0.007 

0*02 
1.998 
O006 

Phosphorus  Balances. 

Total   period  bal- 
ance ■  »     .    .     . 

Blood 

+0.S51 

+1.940 

-azzo 

+0.147 

+2.103 

+0.429 
-ft  200 

+ft4S3 
-0200 

-a72S 

-0.170 

Total  baUnceb'  . 
Averaf^  daily  bal- 

+1.720 

+0.107 

+0.229 
+0011 

+0.2S3 
+0X06 

-ft89S 
-O.Z27 

■  High  because  o 

a// fSECal  matter  wai 

1  See  Tables  V  a 

the  presence  of  particles  of  faeces.     In  the  succeeding  periods 
dVIII. 

the  quantity  eliminated  after  the  first  hemorrhage,  were  somewhat 
less  in  amount  than  after  the  second  bleeding.  The  rise  in  amount 
of  excreted  solids  was  especially  great  after  the  fourth  hemorrhage 
("Period  Vri),  reaching  the  maximum  of  our  records,  just  as  was 
the  case  with  nitrogen  and  sulphur  elimination  at  the  same  time. 
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Glycosuria.  —  The  facts  in  this  connection  in  the  third  experiment, 
referred  to  on  page  227,  were  subsequently  verified  in  the  urines  of 
this  experiment,  also. 

TABLE  X. 
Total  SoLins  in  the  Uiunb. 


Periods. 

Condiliom. 

Z 

fit 

=  |5 

■i 

■S 
^1 

^■1 

1 

Tout     solids,    in 
grams,  pet   day 

l\A 

Z5.4 

24.1  > 

Z4.3> 

28.0 

26,0 

33.0 

1  largely  chloride.     .See  Table  VII. 

TABLE   XI. 
f  FvECKs  AND  Cast-off  Hair  for  f.ach  Pf-riod. 


12  days.    16  days    10  days.   13  days.    21  days.     7  days. 


524.4 
28a5 


359.3 
194.3 


768.8 
417.6 


306.0 
130.9 


Tolal  weight     .     . 
Av.  daily  weight   . 
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Feeces  and  cast-off  kair.  — There  seems  to  have  been  no  particular 
effect  on  the  amount  or  consistency  of  the  fxces  (page  188). 
Neither  was  there  any  observable  influence  on  the  quantity  or 
chemical  quality  of  the  cast-off  hair.     See  Table  XI. 

Intestinal  putrefaction. — That  there  was  little  effect  on  intestinal 
putrefaction  was  shown  by  the  uniformity  not  only  in  appearance  of 
the  faeces,  but  also  in  the  urinary  indican  reaction.' 

Blood.  —  Chemical  analysis  of  the  blood  indicated  that  after  the 
first  hemorrhage,  and  during  the  two  succeeding  periods,  the  total 
proteid  content  of  the  blood  increased,  but  that  thereafter  it  de- 
creased with  each  succeeding  hemorrhage.  These  facts  harmonize 
with  the  catabolic  results  for  nitrogen  and  sulphur  already  noted. 
Although  the  total  quantity  of  nitrogenous  matter  in  the  blood 
decreased,  the  phosphorus  content  remained  practically  the  same. 
The  compensating  factor  in  this  connection  was  doubtless  increasing 
leucocytosis  after  each  hemorrhage  with  augmented  production  of 
nucleoproteid.  Increase  of  the  latter  substance  in  sufficient  amount 
to  keep  the  small  phosphorus  figure  constant  would  not  materially 
affect  the  results  for  nitrogen  and  sulphur.  The  specific  gravity  of 
the  blood  fell  with  the  decrease  in  proteid  matter  and  with  the  grow- 
ing watery  appearance  noted  at  the  limes  of  withdrawal.  In  spite 
of  its  dilution  in  the  last  hemorrhage,  the  blood  showed  a  very  marked 
clotting  tendency,  which  was  due,  of  course,  to  the  increased  content 
of  fibrinogen  and  perhaps  other  coagulation  factors.  See  supple- 
mentary data.  Table  II. 

IV,  Second  Metabolism  Experiment. 
A.  First  purt.  loflnsaoa  of  hamorrhagB  on  ptoteld  oatabolUm.  — 
Our  second  metabolism  experiment  was  divided  into  two  main  parts. 
The  first  part  was  carried  out  on  the  plan  of  the  preceding  experi- 
ment, for  the  purpose  of  checking  our  former  results.  The  conditions 
of  the  second  part  were  somewhat  different,  as  our  intention  was 
to  obtain  special  data  on  volume  of  urine  and  on  body-weight 
(page  212). 

The  animal  made  use  of  in  tiiis  experiment  was  a  slender,  short-haired 
dog,  weighing  about  1 2  kilos.  The  dog  of  the  first  experiment  was  more 
Heshy  and  somewhat  stronger. 

in  profiiresa  in  this  laboratory  we  find  that  the 
ine  are  not  particularly  affected  after  hemorrhage. 
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Dlot.  — The  food  was  the  same  in  kind  each  day,  and  like  thai  given  through- 
out the  first  experiment.  Its  quantitative  characters  were  uniform.  Its 
composition  is  given  in  Table  XII. 

TAULE  XII. 
Composition  of  tub  Daily  ]:<kt.i 


Hashed 
beef.* 

Cracker 

Lard. 

Bone 

ash. 

Water. 

Total. 

Weight 

zoo" 

*s7' 

"iT 

T" 

stT 

6S0 

Nitrogen      .... 
Sulphur       .... 
Phosphorus     .    .    . 

7.518 
0.576 

o.+to 

0.806 
0.069 

0.070 

0.0(H 
0.004 
0.013 

0002 

0.005 
1.123 

.... 

a330 
0654 
0.195 

'  In  the  second  part  of  the  enperimenl  the  diet  was  changed  somewhat.     See 
Table  XIV. 

»  See  fifth  footnote,  page  179.    The  percentage-composition  of  (his  beef  is  there 

recorded  as  that  of  the  "fourth  preparation." 

Freparatoiy  porlod.  —  A  preparatory  period  of  seven  days  on  the  above  diet 
was  sufficient  to  get  the  dog  into  appronimaie  nitrogenous  equihbriuni. 
During  this  time  the  weight  of  the  animal  fluctuated  between  12.36  kilos 
and  1 1.85  kilos.  At  5  p.  m.,  on  June  i,  1903,  the  collection  of  analytic 
data  was  started. 

Flnt  period.  Normal  oondltloua.  Majiitanaiica  of  nitrogftiiona  eqnllib- 
rium.  Days,  1-9 ;  Juua  1-9,  1903.  —  The  animal  was  further  accus- 
tomed to  its  environment. 

Sftoond  period.  Combinsd  affects  of  auasBttiesia  and  oparadon  (ivlthoat 
llEatore  of  tbe  artary).  Daya,  10-16  ;  June  10-18.  —  In  the  preceding 
experiment  we  determined  the  influence  of  anesthesia  and  operation 
combined  (Period  IV).  The  operation  of  the  first  hemorrhage  period 
{II)  was  exactly  duplicated,  even  to  the  ligaturing  and  severing  of  the 
corresponding  branches  of  the  femoral  artery.  In  that  experiment,  also, 
the  first  hemorrhage /rir^rfft/  the  anaesthesia  controls. 

In  this  experiment  we  determined  the  combined  influence  of  ansesthesia 
and  operation  before  hemorrhage.  We  varied  this  control,  also,  by  making 
the  "operation  "  only  an  incision,  without  disturbance  of  the  circulation. 
We  laid  bare  the  right  femoral  artery,  just  above  the  point  at  which  the 
saphenous  branch  left  it,  and  loosened  adjacent  tissue  without  doing  any 
damage  to  the  nerve.  The  incision  was  purposely  made  a  little  longer 
and  the  wound  somewhat  deeper,  than  at  any  time  in  the  previous  experi- 
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ment,  so  as  to  bring  out  the  full  effect  on  catabolism  or  the  associated 
healing  process. 

Seheduk  of  operations.  —  8.33  a.m.,  anfesthesia  begun.  8.55,  incision 
made;  exposure  continued  until  9.30,  when  the  wound  was  sewed  up 
and  the  anxsthetic  discontinued.  10.00,  dog  sat  up.  The  dog  seemed 
to  be  much  weaker  at  this  stage  than  the  previous  animal,  and  was  appar- 
ently more  susceptible  to  the  influence  of  the  ether. 
Third  period.  Contbined  sffeota  of  ansBatbeBlo,  operation,  aod  rapid 
bemorrluge.  Dnya,  19-23;  June  19-23. — The  combined  eflect  of  the 
anaesthesia  and  incision  of  the  previous  period  was  a  well-marked  stimu- 
lation of  nitrogenous  catabolisra  (Tables  XIII-XV).  Even  though  the 
dog  was  considerably  smaller  than  the  Rrst  one,  the  relative  increase  in 
excreted  nitrogen  was  somewhat  greater  than  in  any  of  the  controls  of  the 
previous  experiment.  The  incision  was  the  largest  and  deepest  of  any 
made  in  our  experiments,  and  healing  was  very  rapid,  but  it  is  improbable 
that  this  increased  output  of  nitrogen  was  due  to  the  healing  process 
alone.  It  is  possible,  of  course,  that  the  ether  had  an  opposite  effect 
to  thai  shown  in  the  anaesthesia  control  of  the  preceding  experiment. 
The  fact  noted  above,  that  this  dog  was  more  susceptible  to  the  influence 
of  the  anaesthetic  than  the  previous  one,  may  account  for  the  observed 
difference  in  metabolism.  Again,  it  may  be  that  the  effect  of  ether  before 
hemorrhage  is  different  from  that  afterward  (see  Period  IV ;  also  pages 
183.  118). 

In  this  period  we  next  proceeded  to  ascertain  the  added  effects  of 
hemonhage,  and  the  interruption  of  circulation  associated  with  iL  It 
had  been  our  intention  to  us«  for  this  purpose  the  femoral  artery  which 
had  been  exposed  in  the  preceding  operation,  but  the  healing  process 
was  so  rapid  that  a  new  incision  became  necessary.  We  therefore  ex- 
posed the  femoral  artery  at  the  same  point  on  the  opposite  leg  (left), 
making  the  incision  as  short  and  superficial  as  possible.  In  the  previous 
experiment  we  observed  a  cumulative  effect  on  nitrogenous  catabolism 
with  each  hemorrhage,  but  each  loss  of  blood  came  from  a  larger  artery, 
and  was  associated  with  a  greater  disturbance  of  local  circulation.  In 
this  case  we  took  the  blood  from  the  main  trunk  of  the  femoral  artery 
to  begin  with,  thus  effecting  as  great  disturbance  of  cireulaiion  at  the 
start  as  was  caused  at  any  time  in  the  previous  experiment. 

The  blood  was  drawn  rapidly.  The  immediate  effect  on  the  dog  was 
very  decided,  as  indicated  by  changes  in  pulse  and  respiration,  and  the 
hemorrhage  was  discontinued  somewhat  earlier  than  had  been  intended. 
That  this  pronounced  effect  was  due  in  part  to  (he  rapidity  of  withdrawal 
seemed  evident  from  the  fact  that  the  dog  rallied  very  quickly.  More 
blood  might  well  have  been  drawn.  • 

Schedule  0/ operations.  —  8.ig  a.  m.,  anesthesia  begun.     8.35,  operation 
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started.  8.53,  hemorrhage  commenced.  8.58,  hemorrhage  concluded. 
9.15,  wound  sewed  ui>.  9. 10,  aniEslhesia  discontinued.  9-50,  dog  sat 
up.  The  animal  was  apparently  no  weaker  at  this  point  than  in  the 
previous  period. 


TABLE   Xlll. 


Daily  Kkcurus  o 


1-9,  1903. 

DaV. 

No. 

Body. 
Weight. 

Volume, 

Urine. 

F«ciis. 

Specific 
gravity. 

Period  a 

■ge.oda.e. 

Weight. 

N.trogen. 

Volume. 

Nitrogen. 

Frcih. 

Dry. 

\ 

11.35 

390 

1016 

7-63 

3% 

7.63 

22.8 

lS-8 

2 

11.80 

415 

1018 

6.99 

40J 

7.31 

3 

11.82 

388 

1020 

7.58 

398 

7.40 

50.2 

293 

4 

11.70 

4SS 

1020 

9.65 

419 

7.96 

5 

11.76 

344 

1017 

S,31 

404 

7.43 

6 

11.60 

SIS 

1018 

963 

423 

7.80 

40.3 

30.8 

7 

11.S7 

402 

1019 

8.14 

420 

7.85 

34.2 

21,4 

8 

11.63 

298 

1018 

5,52 

405 

7,56 

40.0 

23.5 

9 

11.68 

452 

1020 

912 

'     410 

7.73 

41.S 

24,3 

n. 

leeinidfwi 

od.    Comt 

ined  effecis  of  anxst 
of  artery).    Jure 

esia  and  u 
10-18. 

peralion  (without  ligature 

10 

11.40 

450 

1019 

8..56 

450 

8.56 

54.8 

31,8 

11 

n.30 

560 

1019 

9.46 

505 

9.01 

12 

11.28 

484 

1018 

9.33 

498 

9.12 

Z2.S 

17,9 

13 

11.24 

432 

1019 

8.66 

« 

9.00 

14 

11.26 

422 

1016 

631 

470 

8.46 

57.5 

28.5 

IS 

11.10 

544 

1023 

12-55 

482 

9.14 

16 

1106 

383 

1018 

7.11 

468 

885 

46,2 

28,8 

17 

11.03 

404 

1020 

8.00 

460 

8.7s 

291 

19,1 

18 

1100 

480 

1018 

.9.13 

462 

8-79 
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TABLE   XIII- 


HI    Third  pariod.    Combined  efEect»  of  anaasthesU,  operation,  and  hemoiihage 
(3.11%).     June  19-23. 


10,47 
10.63 
10.60 


Period  av'ge  lo  dale. 


Volume.     Nitrogen. 


IT.  lapplMMBtMT  d»ta.    ?*ilodi  I^in. 


«aUo  Tables  XIV-XVI.] 


Blood  and  Excretions. 


I,  9day».  II.  9 days.        III.  5  days. 


A.  Urini: 
ToUl  nilrogen  : 

Daily  fractioi 
"  Composite ' 

B.  Ca^Wiishing) : 

Sulphur   .     . 
Phosphorus  . 

C.  Bleed: 

Percetilage  con 

Nitrogen  . 
Sulphur  . 
Phosphorut 


0.870 
0.0*2 

ao4s 


I  See  footnote,  page  198. 


Blood.  —  The  amount  of  blood  withdrawn  was  343-5  grams,  a  quantity 
equal  toj  11  per  cent  of  (he  weight  of  the  dog  at  the  end  of  the  eighteenth 

Nitrogenous  excretion  in  this  period  was  about  80  per  cent  greater  than 
in  the  previous  one  (Tables  XIII-XV).  This  result  occurred  ia  spite  of 
the  fact  that  the  wound  was  the  smallest  made  at  any  time  in  our  experi- 
ments, and  healed  very  rapidly.  At  the  same  time  we  did  not  check,  in 
the  preceding  period,  the  influence  of  ligature  and  the  consequent  dis- 
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turbance  of  circulation  in  the  limb.  The  dog  immediately  used  both 
limbs  with  equal  freedom,  however,  so  that  this  disturbance  must  have 
been  relatively  slight. 

B,  Seooad  part.  Inflnenoe  of  inoreaaod  diet  on  reooveij  front  li«m- 
orrhBge.  —  The  first  part  of  this  experiment  was  intended  to  check  the 
analytic  results  of  the  preceding  one.  In  this  pan  of  our  work  we  deter- 
mined, as  a  final  control,  the  effect  of  anxsthesia  alone.  We  also  ascer- 
tained the  influence,  on  body-weight  after  hemorrhage,  of  an  increase  of 
both  the  solids  and  the  water  of  the  food.  Further,  after  the  dog  had 
had  sufficient  time  to  recover  pretty  thoroughly  from  the  effects  of  the 
first  los.<)  of  blood  (first  part,  nineteenth  day),  we  subjected  him  to  another, 
and  almost  fatal  hemorrhage  (forty-fourth  day).  Lastly,  a  few  days  having 
been  allowed  for  partial  recovery,  we  determined  the  effects  of  a  further 
loss  of  blood  on  the  flow  of  urine  directly  from  the  ureters  of  the  same 
animal  (page  231).  In  this  part  of  our  experiment  only  a  few  analyses 
were  made  of  excreta.  These  were  confined  to  the  urine,  our  previous 
results  having  shown  that  metabolic  changes  were  registered  solely  in 
the  urinary  products  (page  aoo). 

Fourth  period.  Effect*  of  Bnasthaai*  alone.  Dajra,  34-31 ;  Jnne  24-Jnl7 1. 
—  In  the  first  half  of  this  experiment  we  checked  the  influence  of  anes- 
thesia with  incision  be/ort  hemorrhage.  At  this  stage,  ir/'/ff- hemorrhage, 
the  effect  of  anxsthesia  was  determined  without  irutsian.  The  results 
were  essentially  the  same  as  in  the  first  experiment.  The  anKsthetic  was 
administered  on  the  twenty-fifth  day,  after  the  results  for  urine  volume  on 
the  previous  day  showed  that  conditions  were  favorable  for  the  manifes- 
tation of  its  influence. 

Schedule  of  operations.  —  9.30  A.  M.,  anxsthesia  begun.     Continued  in 
the  usual  manner  until  10.30.     10.50,  dog  sat  up. 

Fifth  period.  Influence  of  Increaaed  content  of  water  In  the  diet  on 
recovery  from  the  effects  of  hemorrhage,  pays,  32-35  ;  July  2-5  — 
The  usual  temporary  diuretic  effect  of  the  ether  was  clearly  shown  in  the 
preceding  period  (Table  XIV),  the  average  daily  volume  (427  c.c.  for 
the  previous  period)  falling  from  575  c.c.  for  the  first  two  days  to  443 
for  the  seven  days.  On  the  last  three  days  of  the  anaesthesia  period 
the  volume  of  urine  was  so  uniform  in  amount,  and  so  far  below  the 
usual  elimination,  and  the  dog  showed  such  a  uniform  daily  gain  in 
weight,  that  retention  of  water  seemed  to  be  indicated.  It  seemed  prob- 
able that  more  water  was  needed  by  the  animal-  Accordingly  the  amount 
of  water  in  the  food  was  increased  by  one-half  its  volume. 

Bixtfa  period.  Influence  of  Increaaed  content  of  water  and  aollda  In  t^e 
diet  on  recovery  from  the  effeota  of  hemorrhage.  Daya,  36-'43  ;  Jnly 
6-13.  —  The  retention  of  water  was  quite  decided  in  the  previous  period 
(Table  XIV). 
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On  the  day  before  hemorrhage  (eighteenth)  the  weight  of  the  dog  was 
ii.okilos.  On  the  opening  day  of  this  period,  the  weight  was  10.39  ^il^^- 
Other  facts,  also,  indicated  that  the  animal  had  not  yel  recovered  from 
the  effects  of  the  hemorrhage. 

In  this  period,  therefore,  both  the  volume  of  water  and  the  weight  of 
solids  in  the  food  were  increased  one-half  over  the  amounts  given  in  the 
first  four  periods. 
SevanUi  period.  Bffeots  of  a  aeoond  (slovr)  b«moTTfaage,  with  Increued 
diet.  Daf*,  44-49  ;  July  14-19.  —  The  condition  of  the  animal  at  the 
end  of  the  forty-third  day  was  such  as  to  indicate  that  it  had  almost 
entirely,  if  not  wholly  recovered  from  the  effects  of  the  previous  treat- 
ment (page  315).  Moreover,  the  animal  was  in  a  condition  of  pro- 
gressive anabolism,  due  to  the  increased  amount  of  food  and  drink  it 
was  receiving.  The  dog  obtained  much  more  water  than  it  needed, 
and  instead  of  being  in  nitrogenous  equilibrium,  as  it  was  just  before 
the  previous  hemorrhage,  it  was  now  daily  storing  up  water  and  nitrog- 
enous matter,  and  gaining  in  weight. 

The  diet  of  this  period  was  the  same  as  that  of  the  sixth.  At  this 
hemorrhage  the  blood  was  drawn  slowly  from  the  saphenous  branch  of 
the  right  femoral  artery.  It  had  been  our  intention  to  remove  blood 
equal  in  amount  to  about  4  per  cent  of  the  weight  of  the  dog,  but  when 
3  per  cent  of  his  weight  had  been  taken,  the  blood  flowed  so  slowly,  even 
though  there  was  no  clot  in  the  tube,  respiration  was  so  much  jmpaired, 
and  heart  action  so  weak,  that  il  seemed  necessary  to  discontinue.  In 
fact,  we  thought  we  had  removed  too  much  blood.  While  suturing  the 
wound,  however,  the  dog  rapidly  recovered,  but  he  was  much  weaker  dur- 
ing the  rest  of  the  day  than  at  any  time  heretofore.  Recovery  gradually 
became  complete.  The  blood  was  thinner  than  normal,  it  seemed  to 
be  a  little  darker  in  color,  the  red  cells  were  diminished  in  number,  and 
the  leucocytes  were  more  conspicuous  than  before. 

Schedule  of  operations.  —  8.15,  anaesthesia  begun.  8.35,  operation 
started,  8.55,  blood-letting  commenced.  9.10,  hemorrhage  stopped. 
9.12,  administration  of  ether  discontinued.  9.15,  wound  stitched.  10  zo, 
dog  sat  up. 

Blood,  —  The  amount  of  blood  withdrawn  was  372.5  grams,  a  quantity 
equal  to  3.44  per  cent  of  the  weight  of  the  dog  at  the  end  of  the  forty- 
third  day,  or  3.39  per  cent  of  body-weight  at  the  end  of  the  eighteenth 
day. 

This  hemorrhage  also  resulted  in  a  distinct,  though  only  slight  increase 
in  nitrogenous  catabolism  (Table  XIV).     This  increase  was  greater,  how- 
ever, than  that  observed  after  the  preceding  hemorrhage,  although  the 
wound  was  smaller,  and  only  a  branch  of  the  femoral  artery  ligatured. 
Flow  of  arlne  from  the  oreteiB  after  bemoirhage.  — See  page  131. 
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Bupplementaxy  data.  —  The  Tollowmg  additional  facts  should  be  noted  witli 
the  observations  recorded  above.  (Compare  with  data  on  page  187.) 
The  fluctuations  in  the  temperature  of  the  room  were  between  ao'-aS^C. 
Temperature  was  usually  about  z4°-a6°  C-  The  wounds  were  not  ban- 
daged. Healing  was  very  rapid.  No  signs  of  edema  appeared.  There 
were  no  instances  of  accidental  hemorrhage.  Our  remarks  on  page  187 
regarding  losses  in  the  weight  of  the  previous  dog  on  the  day  of  opera- 
tion, as  well  as  those  pertaining  to  the  reaction  of  his  urine,  apply  with 


TABLE   XIV. 


Daily  Records  q 


E  Second  Metabolism 


I.    Fonrth  pMlod.    Effecw  of  anaeslhMia  alone.     June  24-July  1,  1903.     N  of  diet 
=  8.33  gt»ms ;  H,0  of  diet  =  37S  cc. 

Day. 

Body- 
Weight. 

Urine. 

Faces.             1 

No. 

Volume, 

Specific 
gravity. 

Nitrogen. 

We 

gU. 

Daily. 

\T^l 

Fresh. 

Dry. 

24' 

U1-. 

10.44 

432 

':°: 

1017 

oS 

^ 

^ 

25' 

10J9 

528 

528 

1015 

9.48 

lai 

5.9 

26 

10.24 

623 

575 

1014 

8.67 

42.6 

24.1 

27 

ia29 

371 

507 

1019 

8.44 

28 

laai 

431 

488 

1016 

35.2 

21.4 

29 

ia32 

3S6 

468 

1018 

40.2 

26.2 

30 

1034 

387 

454 

1017 

.. 

31 

1039 

378 

443 

1015 

■■ 

35.2 

26.1 

n. 

Fifth  period.     Influence  of  increased  content  of  water  in 
from  the  effects  of  hemorrhage  (third  period,  first  par 
diet  =  8.33  grams ;   H,0  of  diet  =  S63  c.c. 

he  diet  on 
).    July  2- 

recovery 
S.     N  of 

32 

10.35 

631 

631 

1013 

33 

ia4i 

540 

585 

101 Z 

35.8 

27.0 

34 

10-39 

582 

584 

1012 

35 

10.31 

644 

599 

1011 

35.7 

22.S 

fort 

Intennediate  day.     See  page  212.     See  also  footnote  2,  n 
his  day  are  included  with  those  for  the  third  period. 
The  anaesthetic  was  administered  on  this  day. 

txt  page,  w 

ere  data 
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TABLE   XIV,  — i-mftB 

Utd. 

m. 

Sixtb  period.'    Influence  of  increased  content  of  water  and  solids  in  the  diet  on 
recovery  from  the  effects  of  hcmorrhiige  (third  period,  first  part),      July  6-13. 
N  of  diet  =  lS.tt  grams  ;  H,0  of  diet  =  M3  c.e. 

Day. 

Body- 
Weight. 

Urine. 

F*cis. 

No. 

Volume. 

Specific 
gravity. 

Weight. 

Daily. 

Average 
to  date. 

Fresh. 

Dry. 

36 

10..S2 

535 

535 

1015 

T 

T 

T 

37 

ia41 

624 

580 

1016 

52.1 

29.0 

38 

ia62 

559 

573 

1017 

39 

10.67 

551 

567 

1017 

10.50 

78.7 

437 

10 

ia87 

464 

546 

1017 

9.01 

41 

10.8i 

590 

554 

1017 

987 

54,1 

300 

42 

10.80 

688 

573 

1016 

10.05 

52,5 

27.9  • 

43 

1083 

631 

580 

1015 

9.84 

52.7 

29-2 

IV. 

Seventh  period.^    Effects  of  a  second  hemorrhage  (3.44  % 
July  14-19.     N  of  diet  =  IB.W  grams  ;  H,0  of  diet  =  SB 

with  Incte 
Sec. 

ued  diet. 

44 

10.37 

534 

534 

1016 

9.63 

69.2 

36.0 

45 

10*1 

626 

580 

1021 

12-25 

46 

1053 

670 

610 

1018 

11.91 

548 

307 

47 

1060 

640 

617 

1019 

12.32 

48 

10.63 

593 

612 

1017 

1018 

62.9 

328 

49 

10.76 

SS8 

603 

1018 

38.3 

20.1 

■J 

The  days  of  the  sixth  period  were  extremely  warm,  but  th 
a  in  which  the  animal  was  kept  did  not  go  above  28°  C. 

tempera  lu 

re  of  the 

Supplementary  data  for  nitrogen  content  of  the  urine : 
III.                 IV. 

VI, 

VII, 

Pen 
Tol 
Ave 

odj 3  days             3  days 

1  nitrogen 27.80  gm».      2659  gms.      492 

rage  daily  output  of  N.      .    0,27 gms.        886gms.        9,8 

day, 
gms. 
gms.        1 

5  days 
629  gms. 

equal  pertinence  to  the  same  matters  in  this  experiment.  The  former 
observations  on  specific  gravity  and  reaction  of  the  urine,  on  the  qualities 
of  the  blood  and  fjeces,  on  inhibited  secretion  of  saliva  during  anfesthesia, 
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on  respiration,  blood- pressure,  heart-beat,  etc.,  after   hemorrhage,  were 

all  confirmed  in  this  experiment. 
Analytio  xeanlta.  —  Our  more  important  daily  results  are  recorded  in  Table 

XIII  ("  First  part ")  and  Table  XIV  ("  Second  part ").     See  also  Tables 

XV  and  XVI. 
Dlaonaalon  of  reanlts.  First  part.  —  The  figures  in  Table  XIII  show 
the  following  facts,  among  others,  in  harmony  with  the  observations 
previously  recorded  (see  page  193).  There  was  a  steady  fall  in 
the  weight  of  the  dog  on  a  imiform  diet,  —  from  1 1 .85  kilos  to  10.48 
kilos.  The  daily  volume  of  urine  fluctuated  between  298  c.c.  (eighth 
day)  and  560  c.c.  (eleventh  day).  On  the  day  of  anaesthesia  (tenth 
day),  the  volume  of  urine  was  more  than  the  previous  daily  average, 
with  the  maximal  volume  on  the  second  day  of  the  period,  and  a 
steady  decline  to  the  minimal  point  on  the  fifth  day.  After  the 
hemorrhage,  on  the  other  hand,  the  volume  of  urine  on  the  same  day 
was  less  t^jan  the  previous  average,  fell  on  the  following  day  to  the 
minimal  point  in  the  period,  and  then  steadily  rose  to  the  maximal 
point,  on  the  fifth  day  of  the  period.  This  opposite  tendency  of  the 
two  conditions  was  as  strongly  marked  as  previously  (see  page  194). 
The  catabolism  of  nitrogen  and  sulphur  compounds  was  stimulated 
somewhat  after  anxsthesia-operation  (Period  II)  but  more  so  after 
the  hemorrhage.  Only  a  slight  effect  was  manifested  on  the  output 
of  phosphorus,  but  this  was  in  the  direction  of  decreased  elimination 
after  anaesthesia-operation  and  still  more  so  after  hemorrhage  (see 
Table  XV).  The  remarks  made  on  page  198,  regarding  the  appear- 
ance of  counter-balancing  effects  at  the  ends  of  the  periods,  apply  to 
this  experiment  also.  That  the  increased  cataboHc  effects  were 
shown  almost  entirely  in  urinary  products  is  seen  at  a  glance  in 
Table  XV,  under  "average  daily  amounts  in  excretions,"  where  the 
differences  between  "Balance  a"  and  "Balance  b"  are  also  shown 
(page  197). 

The  significance  of  other  data  for  the  entire  experiment  may  be 
seen  in  Table  XVI. 

Second  part.  —  The  figures  in  Table  XIV  show  that  the  effect  of 
anaesthesia  alone  in  the  fourth  period  (after  a  hemorrhage)  was  essen- 
tially the  same  as  under  similar  circumstances  in  the  first  experi- 
ment, —  decreased  nitrogen  catabolism,  increased  elimination  of 
water.  The  effect  of  ansesthesia  alone  was  different  from  that  after 
anaesthesia  with  incision  (Period  II).  These  facts  suggest  that  the 
healing  process  in  the  latter  instance  was  responsible  for  the  differ- 
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TABLE   XV. 
Totals  and  Averacbs  — "First  Part" 

EXPERIMlNT.l 


:  Second  Metabolism 


N.r««:EN. 

SULFHUR. 

Phosphorus.         1 

Periods  .    .     . 

I. 
9  da. 

Nor- 
mal. 

II. 
9days 

Anaes- 
thesia, 

III. 

S  days. 
Hem- 
orrhage 

i: 

9  days 
Nor- 
mal. 

11. 

9  days 
Anaes- 
thesia. 

■„. 

5  days. 
Hem- 
orrhage 

I. 

9  days. 
Nor- 
mal. 

II. 

9  days 
Anses- 
ihesia. 

ill. 
5  days. 
Hem- 
orrhage 

Food      .     .    . 
Excretions 

7S.85 

74!^ 

84.78 

51,08 

5.893 

6382 

Two 

3.821 

iLsrt 

17.779 

17^4 
17.736 

9.730 
9816 

Balance*   .    . 
Blood     .    .    . 

-0.88 

-9,81 

-9.43 

-IftSS 

-0.007 

-0.496 

-assi 

-0.S3S 

-0.265 

-0,222 

-0.086 

H1164 

Balance  b  .     . 

-20,28 

-1.086 

-0,250 

Ave  RACK  Daily 

Balances.                                             1 

Balance*  .    . 
Balance  b  .    . 

-0.10 

-1,09 

-1.88 
-4.05 

-0.001 

-0.053 

-0.110 

-a2i7 

H),030 

-0.025 

-aoi7 

-0.050 

Total  Amounts  [n 

Excretions.                                        1 

Urine  and  cage- 
washings     . 

Fzces    .    .     . 

7a4S 

4,42 
0,98 

79.83 
3.87 
1.08 

48.21 
O.SS 

4J49 
1.334 
0210 

4.850 
1.285 
0.247 

2.970 

0.723 
0128 

3.696 
13.984 

aow 

4.355 
13,276 
0.105 

2.506 
7.259 
0.051 

Total    .     ,     . 

75.85 

84.78 

5108 

5.893 

6.382 

3.821 

17.779 

17,736 

9,816 

Average  Daily  Amoun 

rs  IN  Excretions.                                | 

Urine  and  cage- 
washings  r 

F.ce»    .     .     . 

Trail.    .    .     . 

7.83 
0.49 
0.11 

8.87 
0.43 

ai2 

964 
0.46 
0.11 

0.4S3 
0148 
aOZ2 

aS38 
0.142 

ao27 

0594 
0145 
a025 

0.4« 

i.s.';4 
aoii 

0.484 
1,475 

aoi2 

0.501 
1,452 

aoio 

Total  .    .    . 

a43 

9.42 

10.21 

0.653 

0.707 

0.764 

1.976 

1,971 

1963 

See  also  Table  XIV,  Supplem 

entary  Data,  footnote  2.                            1 
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TABLE   XVI. 
f  F^CKS  AND  Cast-off  Hair,  Periods  l-VII. 


Periods.                                        1 

I. 
9  day*. 

11. 
9  days. 

III. 

Sdays. 

IV, 

8  days. 

V. 
4  days. 

VI. 

Sdays. 

VII, 
6  days. 

F^CBS.                                                                                            1 

Tol.il  weight : 

Kreah    

Dry        

Averse  daily  weight : 

Fresh    

Dry 

ZZ9-0 
145.1 

27.0 
16.1 

210.1 
126.1 

233 
H.O 

U6.1 
74.6 

23.2 
14.9 

203.7 
12S.7 

2S.S 
1S.7 

71.5 

495 

17.9 

12.4 

290.1 
159,8 

36,3 

20,0 

225,2 
119.6 

37.5 
19.9 

Cast^)FF  Hair. 

Total  weight     .... 

Average  daily  weight    . 

8.1 
0.9 

8.9 
,1.0 

4,S 
0.9 

9.9 
1.2 

7,5 
1,9 

18.5 
ZJ 

IIXI 

1.8 

ence  (page  183),  or  that  the  effect  of  ether  after  hemorrhage  is  dif- 
ferent from  that  before  (page  209).  The  second  hemorrhage  (Period 
VII)  produced  the  usual  results.  Thus,  for  example,  during  the  five 
days  preceding  the  hemorrhage  (Period  VI)  the  average  daily  excre- 
tion of  nitrogen  in  the  urine  was  9.85  grams.  During  the  five  days 
following  hemorrhage  the  average  urinary  nitrogen  was  11,26  grams. 

Reference  is  made  on  page  226  to  the  influence  on  body-weight, 
etc.,  of  the  changed  dietary  conditions  prevailing  during  the  last  three 
periods. 

Glycosuria.  —  The  facts  in  this  connection  in  the  third  experiment, 
referred  to  on  page  227,  were  subsequently  verified  in  the  urines  of 
this  experiment  also. 

V.  General  Discussion  of  the  Results  of  the  First  Two 
Metabolism  Experiments, 
Our  results  seem  to  indicate  that  the  body  contains  more  blood  at 
all  times  normally  than  the  organism  usually  needs,  and  that  some  of 
this  excess  may  be  lost  without  particular  detriment.'  That  this 
excess  is  in  the  nature  of  a  reserve  supply  is  indicated  after  hemor- 
rhage by  the  prompt  regeneration  of  volume,  corpuscles,  and  soluble 

'  "  Luxus  blood  "  of  Maragliano. 
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constituents.  During  special  periods,  of  hard  labor  and  the  like, 
however,  the  body  probably  needs  all  of  the  oxygen  resources  of  the 
whole  supply  of  blood. 

Each  of  our  first  two  metabolism  experiments  has  given  results 
indicating  a  relaiively  slight  and  only  temporary  increase  in  nitroge- 
nous elimination  after  hemorrhage,  even  when  large  volumes  of  blood 
were  withdrawn  and  when  the  losses  of  blood  occurred  at  short  inter- 
vals. The  catabolic  effects  became  cumulative  with  each  successive 
hemorrhage.  This  result  was  observed  in  spite  of  the  fact  tfcat  in  the 
particular  dogs  under  observation  the  anaesthesia  itself  appeared  to 
exert  an  opposite  effect.  Under  the  very  carefully  controlled  condi- 
tioris  of  these  experiments  the  catabolic  effects  were  less  striking 
than  those  referred  to  by  Bauer  and  Jijrgensen. 

It  is  hardly  necessary  to  remind  the  reader  that  our  results  in  this 
connection  are  to  be  regarded  as  the  balance  of  effects  produced  by 
several  antagonistic  force."!.  Loss  of  blood,  if  considerable,  at  once 
affects  the  higher  nerve  centres  by  diminishing  the  supply  of  material 
available  for  their  nutrition.  Such  a  changed  condition  of  these 
nerve  centres  naturally  disturbs  various  important  chemical  and  physi- 
cal functions.  Immediately  after  hemorrhage,  the  "blood-making 
organs,"  chiefly  the  bone-marrow,  are  siimulated  to  exceptional 
activity.  Increased  activity  of  these  parts  after  loss  of  blood  results 
in  unusual  production  of  their  normal  catabolic  products.  These 
waste  products  soon  appear  in  the  unne,  just  as  in  the  case  of  other 
groups  of  cells  when  stimulated  to  perform  special  labor.^  Old 
erythrocytes  disintegrate  more  quickly  at  first,  but  new  ones  are 
rapidly  produced  until  the  normal  number  is  restored.  New  hasmo- 
globin  is  made.  Fluid  from  the  tissue  spaces,  and  leucocytes  from 
the  lymphatic  tissues,  rapidly  enter  the  blood-vessels  until  the  volume 
is  again  normal  and  the  colorless  cells  far  exceed  ihose  usually 
present.  The  thirst  and  increased  appetite  of  the  animal  under  such 
circumstances  show  how  much  the  organism  needs  new  material  for 
constructive  purposes.  Circulating  and  organized  protoplasmic  sub- 
stance has  been  lost  or  decomposed.  The  supply  of  each  kind  is 
gradually   renewed.     Anabolism   and   catabolism   are  apparently  in- 

'  An  example  of  this  may  be  ciled  in  the  observations  by  Rmzastseff, 
among  other.s.  [hat  nitro;^en-elLmLna<ion  in  the  urine  is  increased  during  "sliani 
feedinj;''  of  dogs  because  of  Ihe  increased  secretory  activity  of  the  digestive 
K'snds  resulting  therefrom.  See  Hammarste.s  :  Lehrljuch  der  phj-siologiscben 
Chemic,   1899,  p.  587. 
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creased  in  some  parts  of  the  body,  and  decreased  in  others,  in  re- 
sponse to  the  sudden  call  for  a  new  supply  of  normal  constituents. 
Sugar  and  other  constituents  are  present  for  a  while  in  the  blood 
above  the  normal  proportions.^  That  metabolism  is  also  unusual  in 
other  respects,  after  hemorrhage,  is  evidenced  by  the  fact  that  sub- 
stances like  albumin  and  lactic  acid  appear  in  the  urine.^  In  the 
anabolic  tendencies  to  replace  constructive  material,  cellular  matter 
appears  to  be  worked  over  and  a  alight  increase  of  nitrogenous  and 
other  wafte  matter  is  caused.  All  these  changes  take  place  on  a 
plane  of  diminished  resources  and  a  small  absolute  increase  of  any 
constituent  in  the  urine  after  hemorrhage  is.  in  fact,  a  relatively 
large  increase  under  the  conditions  then  prevailing. 

The  more  rapid  inHux  of  lymph  into  the  blood  after  hemorrhage 
may  have  had  something  to  do  with  the  catabolic  effects  we  have 
noted.  That  such  abstraction  of  fluid  from  the  tissue  spaces  does 
occur  after  hemorrhage  has  been  shown  repeatedly  in  various  studies 
of  blood-regeneration.*  Immediately  after  hemorrhage  the  currents 
of  diffusion  from  the  tissue  spaces  are  increased  in  speed  and  vol- 
ume, specific  gravity  of  the  blood  falls,  and  waste  products,  such  as 
ammonia  compounds,  creatin,  purin  bases,  and  the  like,  may  for  a 
time  appear  in  the  blood  in  larger  proportion  than  under  normal  cir- 
cumstances, and  may  be  excreted  in  the  urine  as  a  result  of  such  quan- 
titative abnormality.  This  appears  to  be  true,  also,  of  even  the  water 
of  the  blood. 

In  this  connection,  also,  we  are  reminded  of  other  influences  upon 
nitrogenous  excretion  of  increased  elimination  of  fluid  from  the  tissue 
spaces.  The  results  oblained  by  several  observers*  lead  us  to  the 
conclusion  that  the  immediate  withdrawal  of  fluid  from  the  tissues 
after  hemorrhage,  to  replace  the  volume  of  the  blood,  serves  in  itself 
to  stimulate   somewhat  proteid  catabolism,  besides  "  washing  out  " 

'  SCHENCK  :  Jahresbericht  der  TliEer-chemie,  1894,  xxiv.  p.  152. 

'  Araki  :  Zeitschrifl  fiir  physiologische  Chemie,  1894,  xix,  p.  424, 

'  The  increased  flow  of  lymph  into  llie  blood  afler  hemorrhage,  as  shown,  for 
example,  by  the  steady  increase  in  pete  en  tage-con  lent  of  water  (Meyer  and  Gies  ; 
results  not  yet  published)  seems  to  take  place  largely  by  transudation,  —  at  first  at 
least.  Other  experiments  in  progress  in  (his  laboratory  show  that  after  hemorrhage 
the  flow  of  thoracic  lymph  is  dimiuished.  See  Posneb  and  Gies  ;  Proceediogs  of 
the  American  Physiological  Society,  1904,  This  journal,  x,  p.  xxxi. 

*  Landauer  :  Jahresbericht  der  Thier-chemie,  1894.  xxiv,  pp.  531,  531.  Also 
Stralb,  cited  by  Speck:  Ergebnisse  der  Physiologie  iweiler  Jahrgang  (HiO' 
chemie),  1903,  p.  z6. 
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ihe  catabolic  products  already  in  and  about  the  cells.  The  feeding 
conditions  of  our  experiments  were,  however,  against  a  striking  effect 
in  this  direction,  for  more  than  enough  water  to  replace  the  losses 
was  received  shortly  after  hemorrhage. 

We  observed  that  after  hemorrhage  urinary  volume  was  at  first 
diminished,  then  increased,  and  that  after  a  few  days  it  fell  to 
approximately  the  normal  again.  An  examination  of  the  various 
tables  also  shows  that  the  increase  in  nitrogenous  elimination  accom- 
panied the  increase  in  volume  of  urine.  The  condition  of  the  animal 
shortly  after  hemorrhage  is  similar  in  many  respects  to  that  after 
fasting.  It  is  not  improbable,  therefore,  that  the  quantity  of  water 
given  uniformly  m  each  period  was,  for  a  time  after  each  hemorrhage. 
actually  in  excess  of  the  amount  the  animal  could  at  once  make  use 
of.  This  seems  to  be  indicated  by  the  steady  rise  in  the  figures  for 
average  daily  volume  of  urine  of  each  hemorrhage  period,  as  body- 
weight  and  the  plane  of  equilibrium  fell.  Consequently  part  of  the 
observed  cumulative  increase  in  excreted  nitrogenous  compounds 
after  each  hemorrhage  may  have  been  due  to  the  action  of  such 
relatively  increasing  excesses  of  water  in  the  food.' 

It  is  not  improbable  that  during  the  first  few  hours  after  a  hemor- 
rhage there  may  be  subnormal  metabolism,  followed  by  a  greatly 
stimulated  metabolism.  The  fall  in  blood -pressure  and  in  tempera- 
ture immediately  after  hemorrhage,  and  the  rapid  return  to  the 
normal,  with  even  a  higher  temperature  than  usual,  and  a  some- 
what greater  consumption  of  oxygen,  facts  observed  by  various  in- 
vestigators, tend  to  support  such  a  view.  That  moderate  hemorrhage 
has  a  stimulating  influence  has  been  asserted  recently  by  Robin  ^  and 
others,  after  many  years  of  observation  of  the  effects  of  blood-letting 
on  man.  But  that  the  effects  of  even  a  "  moderate  "  hemorrhage  are 
at  first  somev/hdX  depressant  has  also  been  frequently  observed. 

In  all  probability,  as  Jiirgensen  and  others  have  stated,  the  increase 
of  eliminated  nitrogen  is  relatively  much  greater  after  hemorrhage  i-n 
fasting  animals  than  in  well-nourished  ones.  In  the  latter  each  new 
supply  of  food  aids  the  cells  in  the  increased  anabolic  changes  at 
once  set  up  after  the  hemorrhage.  In  the  former  instance  the  cells 
themselves  must  furnish  much  of  the  new  material  needed  to  restore 
the   blood   and    keep   its   Qomposition    constant,  and   after  such  en- 


I  Vorr:  Hermann's  Handbuch  der  Physiologic,  1881,  Bd.  vi,  Th.  i,  p. 
■  Cited  by  Suall:  Reference  Handbook  of  the  Medical  Sciences,  1901,  i 


ibyGooglc 


22  2  P.  S.  Hawk  and  WUUam  J.  Gies. 

forced  and  unusual  intracellular  modifications  the  waste  of  material 
is  probably  greater  than  when  extracellular  sources  are  chiefly  drawn 
upon  in  the  usual  manner.  It  is  probable,  as  we  have  already  sug- 
gested,  that  immediately  after  hemorrhage  the  animal,  even  if  pre- 
viously well  nourished,  is  in  a  condition  similar  to  that  of  the  fasting 
animal,  and  that,  in  spite  of  its  immediate  requirements,  a  large  part 
of  the  proteid  nitrogen  of  the  food  (if  the  dog  had  been  previously 
in  equilibrium)  may  be  quickly  eliminated  before  all  the  needs  are 
supplied.  In  our  experiments  it  is  possible  that  the  diet,  which  was 
just  sufficient  to  maintain  equilibrium  before  hemorrhage,  was  more 
than  enough  to  do  so  just  after  the  loss  of  blood,  and  that  it  re- 
mained excessive  until  equilibrium  was  established  on  a  lower  level 
of  body-weight,  etc.  The  steady  increase  in  daily  average  volume 
of  water  eliminated  by  the  kidneys  lends  support  to  such  a  con- 
clusion. Under  such  conditions  the  temporary  excesses  of  proteid 
in  the  diet  would  themselves  stimulate  catabolic  processes. 

The  work  of  Bauer,  Voit  and  Rauber,  Pembrey  and  Giirber,  and 
others,  makes  it  probable  that  there  was  little,  if  any,  interference 
with  general  oxidation  after  hemorrhage  in  these  experiments,  and 
that  our  results  are  not  to  be  viewed  from  the  standpoint  of  par- 
ticularly abnormal  internal  respiration.'  Stimulated  heart-action  and 
quickened  lymph  currents  after  moderate  hemorrhage  result  in  main- 
taining the  normal  gaseous  exchange.  We  are  unable  to  accept 
Frankel's  deduction  that  oxidation  after  moderate  hemorrhage  is 
necessarily  greatly  reduced  for  any  great  length  of  time,  nor  to 
attribute  to  such  assumed  reduction,  as  he  does,  the  posthemorrhagic 
increase  in  proteid  catabolic  products  in  the  urine.  That  total  mus- 
cular power  is  lessened  immediately  after  hemorrhage  stands  to  rea- 
son, and  has  been  shown  by  Jiirgcnsen  and  others,  but  there  is  as 
much  evidence  of  quickened  gas  metabolism  in  the  resting  animal, 
after  hemorrhage,  as  the  reverse  —observations  in  harmony  with  the 
fact  that  oxidation  occurs  almost  entirely  in  the  tissues  and  only 
slightly  in  the  blood  itself.^  That  oxidation  was  at  first  lessened 
somewhat  in  the  limb  operated  on  was,  of  course,  always  the  case, 
especially  when  the  blood  was  drawn  from  the  femoral  artery  itself 
and  its  main  trunk  permanently  closed.     This  was  shown  in  the  im- 

'  SpivCK  :  Ergebnisse  der  Physiologie,  ziveiler  Jahrgacig  (Hiocheniie),  1903, 
p.  23. 

'  The  slight  fall  in  temperature  immediately  after  hemorrhage  is  probably  due 
IQ  greater  radiation  rather  than  lessened  production  of  heat. 
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mediate  fall  of  temperature  in  the  leg  from  which  blood  was  with- 
drawn. But  the  normal  temperature  was  soon  restored,  there  was 
little  interference  with  the  use  of  the  limb,  and  there  is  no  reason  to 
believe  that  the  metabolic  effects  of  this  interruption  of  circulation 
were  appreciable. 

The  sulphur-elimination  ran  parallel  with  the  nitrogenous,  as  is 
usually  the  case  when  proteid  cataboHsm  is  increased.'  But  hem- 
orrhage seemed  to  cause  a  variable  effect  on  the  excretion  of  phos- 
phorus compounds,  mainly  a  decrease.  We  arc  inclined  to  attribute 
this  decrease  to  the  stimulated  nuclear  anabolism  following  loss  of 
blood  (increased  riumber  of  leucocytes  and  production  of  nucleated 
red  cells),  with  the  consequent  retention  of  phosphorus  because  of 
nucleoproteid  formation.^  Possibly  in  this  special  utilization  of  phos- 
phorus in  nuclear  anabolism,  nitrogen  and  sulphur  radicles  are 
broken  away  from  the  proteid  elements  transformed  in  the  process. 

It  has  been  stated  by  several  writers  that  acute  anaemia  interferes 
decidedly  with  digestion,''  and  Jiirgensen  quotes  Ranke  to  the  effect 
that  the  flow  of  bile  is  markedly  diminished  after  loss  of  blood.* 
Manassein'  stated  that  after  hemorrhage  the  gastric  glands  secreted 
less  acid  than  normally  and  also  a  less  active  juice.  Recently  it  was 
observed  by  London  and  Sokolow'  that  loss  of  blood  effects  a  decided 
inhibition  of  the  total  secretion  of  gastric  juice.  This  decided  effect 
was  noted  by  them  even  when  the  ordinary  stimuli  were  in  operation, 
and  for  periods  as  long  as  six  hours  after  the  beginning  of  acute 
anaemia.  The  character  and  amount  of  the  fasces,  the  apparent 
relish  with  which  the  food  was  taken  after  each  hemorrhage,  and 
the  entire  lack  of  vomiting  indicate  that  rn  these  experiments  there 
was  no  appreciable  effect  on  the  process  of  digestion  as  a  whole 
(pages  185,  j88). 

We  have  already  noted  the  fact  that  the  wounds  connected  with 
the  hemorrhages  were  not  bandaged.  The  dog  was  permitted  to 
lick  them.     Although  a  small  amount  of  proteid  matter  was  carried 

'  Sherman  and  Hawk  :  This  journal,  1900,  iv,  p.  25. 

"  Id  fasting  dogs,  Lepine  and  Flavard  observed  increased  elimination  of 
POf.  Cited  by  Havem:  Lemons  sur  les  modifications  du  sang,  1882,  p.  328; 
JURfiENSEN  also  noted  an  increase. 

•  Flist;  Text-book  of  physiology,  1882,  p.  2S'- 

*  Heidenhain:  Hermann's  Handbuch  der  Physiologic,  1883,  Bd.  v,  Th.  i, 
p.  263. 

*  Manassein:  Jahreshericht  der  Thier-chemie,  1872,  ii,  p.  217. 

•  London  and  Sokolow  :  Centralblatl  fiir  Physiologic,  1903,  xvii,  p-  179- 
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in  this  way  from  the  wound  to  the  stomach,  and  there  digested,  no 
appreciable  effect  could  have  been  exerted  by  such  a  trifling  variation. 
The  increase  of  eliminated  nitrogen  was  always  highest  immediately 
after  the  operation.  By  the  time  the  lips  of  the  wound  parted,  and 
the  dog  could  tap  the  little  exudate  then  forming,  the  nitrogen 
balance  was  restored  (page  i88). 

Bauer  and  Jurgcnsen  both  state  that  the  surgical  procedure  in 
their  experiments  had  no  observable  eflfecls.  Our  own  data  indicate 
that  the  operation  or  the  healing  process  or  some  associated  factor 
connected  with  each  hemorrhage  had  an  appreciable,  though  slight> 
influence  in  increasing  the  output  of  catabolic  products.  The  wound 
was  always  small  and  superficial,'  healing  rapidly,  with  only  slight 
inflammation  and  scarcely  any  exudation.  The  attendant  leuco- 
cytosis  may  have  been  a  contributing  catabolic  as  well  as  anabolic 
factor.  But  by  the  lime  the  healing  process  might  have  been 
supposed  to  exert  special  influence  on  metabolism,  the  observed 
posthemorrhagic  effects  had  practically  worn  off,  and  the  dog  was 
again  in  equilibrium.  Effects  caused  by  interference  with  local  cir- 
culation (resulting  from  ligature  of  the  blood-vessel)  were  not  deter- 
mined directly.  Stasis  naturally  interferes  to  a  certain  extent  with 
functional  activity  by  reducing  the  nutrition  of  the  cells,  and  because 
of  the  pressure  of  accumulated  plasma.  Edema  was  observed  only 
once  (page  187).  Acute  anaemia  below  the  ligature  would  likewise 
interfere  with  nutritional  activity.  But  at  various  limes  after  some 
of  our  operations  blood  promptly  appeared  when  slight  incisions 
were  made  through  the  skin  of  the  foot.  The  results  of  the  last  two 
or  three  hemorrhages  in  our  first  experiment,  when  the  main  trunk 
of  the  femoral  artery  was  entered,  might  be  attributed  in  part  to 
greater  local  destruction  of  proleid  matter,  and  increased  absorption 
of  nitrogenous  material  into  the  lymph  and  thence  into  the  circula- 
tion. At  the  same  lime  the  results  of  our  second  experiment  indicate 
that  such  an  effect  must  have  been  inconsequential.  The  case  with 
which  the  animals  always  used  their  limbs,  even  when  each  femoral 
artery  had  been  ligatured,  suggests  that,  even  if  interfered  with  to  a 
certain  extent  at  first,  metabolism  must  have  been  essentially  the 
same  in  the  limbs  afterward,  because  of  sufficient  collateral  circulation 
to  maintain  approximately  normal  conditions  of  oxidation,  lymph 
flow,  etc. 

'  The  exception  is  referred  to  on  page  208. 
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VI.  Third  Metabolism  Experiment. —  Influence  of  Hemorrhage 
ON  Body-Weight. 

There  are  many  statements  in  the  literature  of  the  subject  of 
blood-letting  to  the  effect  that  repeated  losses  of  blood  result  in 
general  fattening,  with  a  consequent  increase  of  body-weight.  Fatly 
degeneration  of  the  heart,  capillary  system,  and  various  glands  has 
been  observed  to  occur  in  many  individuals  subjected  to  numerous 
hemorrhages.  Bauer  likens  this  effect  to  that  following  phosphorus 
poisoning.  Various  clinical  reports  agree  with  Van  Swielen's  refer- 
ences to  a  woman  who  gained  150  pounds  in  weight  as  a  result  of  sixty 
bleedings  in  a  few  months,  and  Lister  is  repeatedly  quoted  as  saying 
that  in  England  calves  were  made  so  fat  by  frequent  bleedings  that 
the  serum  became  like  milk.^ 

In  our  first  metabolism  experiment  we  started  with  a  dog  that  was 
in  nitrogenous  and  weight  equilibrium.  In  spite  of  the  fact  that  the 
same  amount  and  kind  of  food  was  fed  each  day  throughout  the 
entire  experiment,  the  dog  failed  to  regain  the  weight  lost  with  each 
hemorrhage.  Although  the  experiment  continued  for  eighty-five 
days,^  there  was  a  fairly  uniform  loss  of  weight,  from  16.8  to  I2J5 
kilos,  with  little  or  no  recovery  at  any  time."  This  experiment 
seemed  to  make  it  evident  that  the  increased  weight  noted  by  Tal- 
matschefT  and  other  previous  investigators  was  not  due  to  hemor- 
rhage direclly,  but  indicated  that  changed  feeding  conditions  after 
the  bleedings  were  perhaps  largely  if  not  wholly  responsible  for  such 
observations.*  After  even  a  moderate  hemorrhage,  thirst  is  experi- 
enced and  appetite  is  increased.  In  gratifying  this  special  desire  for 
food  and  drink,  much  more  than  enough  to  meet  the  real  needs  of  the 
body  would  doubtless  be  taken  by  the  subject  in  anaemia,  with  a  con- 


'  Cited  by  JOhgensen. 

'  We  are  unable  10  find  any  record  of  a  longer  experiment  of  liiis  kind. 

*  This  general  result  has  again  been  obtained  in  experiments  of  a  similar  char- 
acter now  in  progress  in  this  laboratory. 

*  It  may  also  be  possible  that  hemorrhages  of  small  amount  (1  to  2  per  cent) 
have  a  different  effect  from  losses  of  large  quantities  (3  to  4  per  cent),  even  on  a 
constant  diet.  The  results  obtained  by  Talmatscheff  and  others  harmonize  with 
this  view,  although  Talmatscheff's  dogs  were  not  brought  into  equilibrium  to 
begin  with,  and  it  is  therefore  impossible  to  draw  any  very  definite  conclusions, 
in  this  connection,  from  his  observations.  Talmatscheff:  Hofpe-SeVlek's 
medicinisch-chemische  Untersuchungen,  1866,  p.  396. 
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sequent  storing  up  of  constructive  material  and  a  necessary  gain  in 
■weight. 

This  deduction  was  tested  in  the  second  half  of  the  second  experi- 
ment. In  the  fifth  period  of  that  experiment  it  was  found  that  a  50 
per  cent  increase  in  the  amount  of  water  in  the  food  resulted  in  the 
retention  of  only  a  small  portion  of  the  extra  amount.  The  weight 
remained  the  same.  But  in  the  sixth  period,  with  an  increase,  also, 
of  50  per  cent  of  the  solid  matter  in  the  food,  there  was  still  more 
retention  of  water,  a  storing  up  of  solids,  and  a  steady  increase  in 
weight, —  effects  which  seemed  to  confirm  the  explanation  ofllered  by 
us  for  much  of  the  usual  posthemorrhagic  gain  in  weight.  These 
results  in  the  second  metabolism  experiment  were  obtained  rather 
late,  however,  in  the  period  of  recovery  from  hemorrhage.  Immedi- 
ately after  loss  of  blood  they  might  have  been  even  more  decided. 
We  observed  that  the  food  was  not  as  great  in  quantity  as  the  dog 
desired  it  to  be.  If  his  appetite  had  been  fully  satisfied,  the  gain  in 
weight  might  have  been  greater. 

In  the  third  metabolism  experiment  these  matters  were  further 
tested  as  follows : 

A  healthy,  well-nourished  dog  weighing  10  kilos  was  offered  an  excess 
of  tlie  mixed  diet  used  in  the  previous  experiments,  and  was  allowed 
to  take  it  in  such  amounls  as  his  desires  determined.  The  feeding 
occurred  daily  at  5  p.  m.  The  weight  of  the  dog  was  taken  at  9  o'clock 
each  morning.  At  intervals  blood  was  drawn  in  moderate  amount  from 
the  femoral  artery.  Two  withdrawals  were  mads  from  one  artery  and 
three  from  the  oiher  during  the  experiment.  The  operations  were  con- 
ducted under  aseptic  conditions,  and  the  wounds  healed  rapidly  with  a 
minimum  amount  of  inflammation.  Ether  was  the  anesthetic  used  in  the 
operations.  The  experiment  continued  for  about  six  weel^s.  The  essen- 
tial facts  in  the  record  of  results  are  indicated  in  Table  XVII,  on  the  fol- 
lowing page. 

The  dog  became  quite  stout  during  the  latter  part  of  the  experiment, 
used  his  legs  freely  at  all  times,  recovered  quickly  from  each  loss  of  blood, 
and  suffered  no  apparent  ill  effects  from  the  treatment.  The  animaKs 
appetite  was  always  especially  strong  after  the  hemorrhages,  particularly 
after  liie  last  three. 

The  influence  of  full  gratification  of  the  appetite  after  hemorrhage 
seems  to  be  very  clear  in  this  experiment.  Immediately  after  the  first 
hemorrhage  there  was  the  usual  loss  of  weight  by  difference.  But 
on   a  free  diet,  increased  appetite  soon  sent  the  weight  up  again. 
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TAISLE   XVII 

BuDV-WeICHI-    AFfEH    .SuCLtSSlVE    HEMORRHAGE 

Body- Weight. 

JiLOOtJ   WITHDRAW 

U»y  of  record. 

Kilos, 

Day  of  record. 

Grama. 

Percentage  of 
body-weight. 

1 

10.56' 

1 

317 

3-0 

S 

IO30» 

12 

319 

3.1 

IS 

iaS4 

18 

3m 

2.7 

22 

10.85 

20 

22S 

20 

29 

11,57 

29 

250 

2.2 

36 

12.33 

43 

13.17 

'  During  the  preliminary  period,  on  the  same  dietary  condition 
the  dog  fluctuated  between  10.6  and  101  kilos, 

»  The  minimum  weight  was  recorded  oi.  tiie  fourth  day,  when  it 

s.  the  weight  of 

ell  to  9.9  kilos. 

Each  successive  hemorrhage  showed  a  cumulative  effect  in  this 
direction  in  spite  of  the  losses  of  the  blood  itself.  Although  1.2 
kilos  of  blood  was  taken  during  the  first  twenty-eight  days,  the  body- 
weight  increased  a  kilo  in  the  meantime.  The  gain  in  weight  was 
even  more  rapid  later,  when  blood-letting  was  discontinued. 

Pathological  constituents  were  looked  for  in  the  urines  of  this 
experiment.'  The  only  observed  abnormality  was  a  slight  transient 
glycosuria  after  the  first  two  hemorrhages.  This  result  was  attributed 
to  the  anaesthetic.  It  led  us  to  examine  the  urines  of  the  previous 
experiments,  which  had  been  carefully  preserved  with  powdered 
thymol. 

On  testing  the  urines  of  the  first  metabolism  experiment,  sugar  was 
detected  in  the  anfesthesia  (III),  anaesthesia-operation  (IV),  and 
second  hemorrhage  (V)  periods  but  in  no  others.  In  the  urines  of 
the  second  metabolism  experiment,  sugar  was  found  after  anassthesia- 
operation  (II),  and  anaesthesia  alone  (IV),  but  not  after  anaesthesia 
and  bleeding  combined.^     In  the  latter  two  experiments  the  glycosu- 

'  The  urines  were  tested  (or  the  following  substances,  by  the  usual  methods  : 
su^ar,  albumin,  proteoses,  diacetic  acid,  aceton,  bile  pigment. 

"  This  result  was  obtained  by  Mr.  White  and  verified  by  Dr.  CiES,  after  Dr. 
Hawk  retired  from  this  department  to  begin  his  work  at  the  University  of  Pcnn- 
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ay  have  been  due  in  part  to  the  chloroform  administered  in  the 
stages  of  anassthesia.  Schenck,  Araki,  Rose,  and  others  have 
ved  an  increased  percentage-content  of  sugar  in  the  blood  after 
rrhage.  This  fact  might  lead  us  to  expect  a  special  elimination 
gar  in  the  urine  after  bleeding,  but  Schenck  found  that  at  the 
af  hemorrhagic  glycemia  the  urine  was,  nevertheless,  free  from 
}  In  later  experiments,  in  which  we  obtained  urine  from  the 
rs  of  dogs,  in  morphia-alropin  narcosis,  sugar  was  absent,  in  any 
ciable  amount,  both  before  and  after  hemorrhage. 

The  Influenck  of  Hemokkhace  on  the  Flow  of  Urine. 
each  of  our  metabolism  experiments  hemorrhage  always  caused  a 
>r?ry  decrease  in  the  excretion  of  urine,  to  be  followed  by  stimula- 
or  a  day  or  two.  Anaesthesia  and  anaesthesia  combined  with  the 
live  procedure,  were  invariably  followed,  within  twenty-four  hours, 
emporary  j'wcnaj^  in  the  flow  of  urine  (see  Tables  II,  III,  IV). 
e  observed  diuretic  influence  of  the  ether  was  unexpected,  for 
nenis  have  been  repeatedly  made  that  this  anesthetic  inhibits  the 
if  urine.  Thus,  Lawson  Tait  observed  that  when  ether  anaesthesia 
le  profound  urine  entirely  stopped  flowing  from  the  ureters.^ 
3  recently  called  attention  to  the  contracting  influence  of  ether  on 
nal  arterioles  of  the  dog,  by  which  effect  the  flow  of  urine  is  much 
ished,  or  may  be  stopped  entirely."  Anaesthesia  in  all  our  experi- 
)  was  very  light ;  Just  enough  to  keep  the  animal  quiet.  Whatever 
ition  of  uriiie  flow  there  may  have  been,  was  surely  of  short  dura- 
ind  must  have  been  followed,  as  our  results  show,  by  actual  stim- 
n.  The  current  statements  to  the  effect  that  ether  anaesthesia 
s  concentration  of  the  blood  are  of  interest  in  this  connection.* 
has  already  been  indicated,  our  original  purpose  had  been  to 
£igate  the  effects  of  ether  itself,  besides  those  of  hemorrhage,  but 
of  time  for  our  work  in  collaboration  prevented  (page  I7S)- 
.s  evident  incidentally  in  all  of  the  preceding  experiments,  how- 
that  under  the  prevailing  conditions  of  anaesthesia,  ether  stimu- 
a  daily  flow  of  urine.     Hemorrhage,  on  the  other  hand,  was 

ia.     Dr.  Hawk  there  independenlly  noted  a  similar  glycosuria  in  dogs  in 

idy  of  Ihe  effects  of  ether  anesthesia.     See  page   176,  footnote. 

ON  Noorden:   Lehrbuch  der  Pathoiogie  des  Stoffwechsels,  1S93,  pp-  316, 

ited  by  Patton:  Anxsthesia  and  Anesthetics,  1903,  p.  101. 

ited  by  Cushny:  Text-book  o£  Pharmacolc^y  and  Therapeutics,  1901,  p  158. 

ATTON :  Loe.  cit. 
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immediately  followed  by  decided  inhibition  of  flow,  in  spite  of  the 
counter-influence  of  the  associated  anaesthesia  (Table  III).  The 
subsequent  stimulation  of  excretion  in  all  of  the  hemorrhage  periods 
of  our  metabolism  experiments  may  have  been  dependent  on  the 
increased  percentage-content  of  water  in  the  blood.' 

In  a   few   special   experiments   we   attempted   to   ascertain   more 
directly  the  facts  connected  with  urine  flow  after  hemorrhage.    These 
experiments  were  conducted  by  the  usual  methods.     Well-nourished 
dogs  were  subjected  to  light  morphia-atropin  narcosis,*  and  cannulas 
placed  in  the  ureters.     Care'  was  taken  to  prevent  undue  pressure  on 
or  occlusion  of  the  latter.    The  animal  was  kept  under  suitable  cover- 
ing, and  temperature  was  maintained  as  well  as  possible,  with  the  aid 
of  a  hot  water  bag."     After  preliminary  observations  of  the  -flow  of 
urine  under  these  conditions,  blood  was  drawn  from  a  large  artery,  as 
in  previous   experiments,  and  the   subsequent   flow  of  urine   again 
observed.     The  data  of  two  of  our  experiments  will  suffice  here  to 
show  the  essential  points  observed  in  this  connection. 
FliBt  experim«i)t.    Bff«oU  of  two  hemoTrhagea.  —  A  dog  weighing  36  kilos 
was  used.     The  animal  had  l>een  well  fed  previously.     A  heavy  meal  was 
eaten  late  the  night  before.     Narcotics  were  injected  al  9.20  a.m.     Oper- 
ation was  begun  at  10.30.     Ether  was  used  occasionally,  when  necessary. 
Cannulas  were  placed  in  the  ureters,  and  into  the  left  femoral  artery,  and 
unobstructed    flow  of  urine  was  observed  at  11. 10  a.m.     The  following 
data  are  quoted  directly  from  our  records : 
PrellmliiaTy  period : 

QUANTITY   OF   URINE   COLLECTED. 


Time. 

FKACriONS. 

Toi 

1  hour. 

Right  kidney. 

2.'75 
245 

2.S0 

Left  kidney. 

20  minutes. 

U.l"u.32 
11.32-1152 
11.52-12.12 

2.60 

2.80 

.US 
SOS 

s*o 

Total  per  ho 

I      .    800 

8.U0 

16.00 

'  Mever  and  Gies  find,  in  experiments  now  in  progress  in  this  laboratory, 
that  even  during  a  continuous  hemorrhage  the  percentage-content  of  water  in  the 
blood  steadily  rises  to  the  end.     .See  page  193. 

'  A  concentrated  aqueous  solution  of  morphine  sulphate  (6  mgms.  per  kilo) 
and  atropin  sulphate  (0.6  mgm.  per  kilo)  was  injected  subcutaneously. 

*  The  animal  did  not  come  in  contact  with  the  bag.  The  latter  merely  kept 
warm  the  air  under  llie  blanket  covering  the  dog. 
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I'irst  hemorrhagf. 


,  firsi  henioirhage  was  begun ;  continued 


Amount  of  blood 
cent  o(  body-weight.      12-13,  flow  of  ui 
rupiiily.     11-19,  same  (rue  of  flow  fron 
wrMW  stopped  entirely.       1240,   first   si, 
kidney  simultaneously. 

QUANTITY   OF   URINE   COI.LECTEI 


was  829.5  grains  =  3.14  per 
i  from  left  kidney  decreasing 
ighl  kidney.  la.io.Jiow  of 
of  renewed  flow,   from  each 


Tike. 

Fracions. 

TOTAl- 

Right  kidney. 

Left  kidney. 

20  minute.. 

1  hour. 

12.20- 12.40 
12.W-1.00 
1.00-1.20 

o!o 

1-70 
230 

o'o 

1,70 
220 

o!6 

3,40 
4,50 

■foial  («» mil.,)      .4-00                         390                           ..                         7.90 

1.20-1-40 
1,40-2.00 
2.00-2,20 

2,45 
2.35 
2-75 

240 
2  2' 

2,70 

4-85 
460 
S-4S 

Total  per  hour      ,     7.SS                         7J5                           ..                        14.90 

2,20-2.40 

i4O-3.00 
3.00-3.20 

2  80                        2.70 
2.70            1             2.S0 
3.00                        3.00 

S.SO 
S.50 
6,00 

Toial  per  hour      .    8.50                         %SQ                           ..                        17.00 

Second  hemorrhage.  —  At  3.20,  second  hemorrhage  was  begun  ;  con- 
tinued until  3.26.  Amount  of  blood  withdrawn  was  403  grams  =  1.55 
per  cent  of  body-weight.     [Total  amount  of  blood  in  both  hemorrhages, 


1232.5  grams  =  4.69  per. 
each  kidney  decreasing; 


of  body-weight.]     3.27,  flow  of  u 
suspended  entirely   at   3.39.     4.15,   excretion 

at  4.20  from  the  left, 
ntinued    very  slowly  since  4.15  —  1.5  cc. 

from  the  left.     The  animal  did  not  recover 
lemorrhage.      At  9.00  the  urine  had  ceased 

1,15.     Heart-action,  respiration,  and  blotxi- 
jal  phenomena  under  similar  circumstances. 
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In  this  experiment  it  was  evident  that  a  hemorrh.-»ge  of  3  per  cent 
of  body-weight  stopped  the  flow  of  urine  immediately,  but  the  inter- 
ference lasted  for  only  about  a  half  hour.     In  three  hours,  however, 
the  flow  gradually  returned   to  the  normal  quantity   per  hour  and 
began  to  exceed  it.     A  second  hemorrhage  proved  fatal,  but  at  first 
it  also  was  followed  by  complete  inhibition  of  the  flow  of  urine  and 
then   by  gradual   resumption   as   before.     The  results  in   the  latter 
connection  indicate  that  if  the  first  hemorrhage  had  been  greater, 
and  yet  not  fatal,  the  initial  inhibitory  effects  would  have  been  as 
marked  as  they  were  in   our   metabolism  experiments.     It  is  quite 
probable,  also,  that  the  subsequent  stimulating  ejects  would    have 
appeared  as  late  as  ihey  did  in  those  experiments.'     See  page  194. 
Saoond  vzperiment.    EtSsota  of  two  hemonhagea  and  aubsequent  retuni 
of  ttach  pOTtioii  of  blood  (defibrlDated).  —  I'hc  .ininial  taken  for   this 
experiment  was  the  one  used    in  the  second  metabolism  experiment.' 
The  dog  weighed  lo.Ss  kilos.     He  had  been  well  fed  di 
experiment  in  which  he  had  been  used,  and  at  8  a.  m.,  c 
experiment,  had  eaten  a  hearty  meal.     Narcotics  were 
A.M.     At  13.15  ^^  operations  were  liegun ;  completed 
was  used  as  occasion  required.     Cannulas  were  put  into  the  ureters  and 
into  a  carotid  and  jugular.     Blood  was  drawn  slowly  from  the  carotid. 
Later,  after  having  been  defihrinated  and  filtered,  the  blood  was  returned, 
at  38°  C,  by  way  of  ihe  jugular.     Further  details  are  quoted  directly 
from  our  summaries. 
PreUmloary  peilod ; 

QUANiriy  OF  URINK  COLLECTED, 


:ng  the  previous 
the  day  of  this 
ijected  at  11.15 
t  12,35.     Ether 


,.,«.. 

FK  ACT  loss. 

Total, 

Right  kidney. 

Left  kidney. 

IS  minutes,      i      S  minutes. 

12.40-l'lO 
1.10-140 

7-i 

7.0 

7.4 

7.7 
7.2 

2.5 

2.4 

Tiital  per  hi 

r     .    144 

153 

I.W-Z.2S 

10.9 

10.^ 

1 

24 

'  The  different  effects  of  the  n 


;.  also  be  taken 


•  That  experiment  was  concluded  on   July  19,  1903.     This  expi;nmenl  was 
carried  out  two  days  later. 
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First  hemorrhage.  —  At  2.35  first  hemorrhage  was  started  1  concluded 
at  1,30,  Amount  of  blood  withdrawn  was  387  grams  =  3.57  per  cent 
of  body-weight.  2.26,  flow  0/  urine  stopped  entirely.  Breathing  slow  and 
shallow.  Heart-beat  very  rapid.  Pulse  almost  imperceptible.  Blood- 
pressure  very  low.  2.28,  hemorrhage  nearly  fatal.  Occasional  gasps. 
Respiration  stimulated  mechanically  until  2.50,  when  improvement  was 
noticed.  2.55,  respiration  and  hearl-beat  approximately  normal.  3.10, 
urine  suddenly  began  to  flow  from  each  (anniila. 

QUANTITY  OF  URINE  COLLECTED, 


Time. 

Fractions.                   |                     Totai„                    1 

Right  kidney. 

I^l  kidney. 

IS  minutes. 

S  minutes. 

3.10-"' 25 
3.2.V3.40 

30 
3.1 

1.5 

2.0 

4.5 

5.1 

1.7 

Total  per  J-hour    .    6.1                           3.5 

First  return  of  defihrinated  blood.  —  At  3.40  began  iiijeclion  of  blood 
into  the  jngular;  concluded  at  3.54,  when  all  had  been  returned.  No 
effect  on  flow  of  urine  was  evident  until  about  200  c.c.  had  been  injected, 
—  at  3-43,  when  the  flow  from  each  cannula  increased.  Respiration 
gradually  became  deeper  and  slower,  the  pulse  firmer  and  less  rapid. 
After  3.53  the  urine  leaving  the  cannulas  contained  an  increasing  though 
onlv  small  amount  of  ha;moglobin,  but  no  corpuscles  [ha;nioglobin  had 
probably  been  liberated  into  the  serum  in  the  defibrination  process]. 


QUANTITY 

OF  URINE  COLLECTED. 

TI11E. 

FnAL-iroNS. 

Tot  A  I- 

Right  kidney. 

l.eft  kidney. 

15  minutes.      | 

5  minutes. 

3.-W-''.4S 

3.0 

2.5 

1 

s'.s 

3.4S-3.S0 

3.0 

2.5 

1 

5.5 

3.SO-3..SS 

3.3 

3.9 

■s. 

7.Z 

3.55-4.00 

3.1 

30 

6.1 

4.00-4-05 

2.9 

25 

.. 

5.4 

4.0.S-4,10 

3.0 

3,0 

'"    1 

6.0 

Total  per  fhour  .     183 

17.4 
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Second  hemorrhage.  —  At  4. 1 1    the   second   hetnonhage  w 


lount  of  blood  taken  was  330  grams  =■  3.04  per 
.\2,flow  of  urine  stopped  entirely.  Respiration 
iusiy  affected  this  time.      No  flow  of  urine  up 


concluded  : 

cent  of  body-weight. 
and  heart-beat  not  si 
to  44?. 

Second  return  of  defbrinaled  blood.  —  At  442  injection  of  blood  was 
begun.  No  effect  on  urine  flow  until  4.48,  when  200  c.c.  of  blood  had 
been  injected.  At  4.48  urine  began  to  flow  rapidly.  No  more  was 
injected. 

At  5.20  the  animal  was  chloroformed  and  the  experiment  discontinued. 

QUANTITY  OF  UKINE  COLLECTED. 


Time. 

Fractions. 

Total, 

Right  kidney. 

Left  kidney. 

15  minutes. 

5  minuiM. 

4.4^.03 
S.03-S.18 

l"5 
7.5 

9's 
05 

zTo 

14.0 

"6 

4.7 

Total  per  J-hour  .     190 

160 

In  this  experiment  the  results  were  similar  to  those  of  the  preced- 
ing one.  Hemorrhage  of  3.5  per  cent  of  body-weight  resulted  in 
immediate  cessation  of  the  flow  of  urine.  For  three-quarters  of  an 
hour  urine  failed  to  appear.  In  the  previous  experiment  the  first 
inhibition  period  was  shorter,  evidently  because  the  amount  of  blood 
withdrawn  was  less  and  the  hemorrhage  was  not  so  nearly  fatal. 
After  the  second  hemorrhage  in  the  previous  experiment,  however, 
this  interval  was  about  the  same.  On  returning  about  one-half  of 
the  blood,  urine  at  once  began  to  flow,  exceeding  in  a  few  minutes 
the  normal  amount.  Repetition  of  the  process  gave  the  same 
results. 

Immediately  after  hemorrhage,  blood-pressure  sinks,  and  there  are 
other  symptoms  of  shock.  After  a  three  to  four  per  cent  loss  of 
body-weight  in  blood  there  is  obviously  sufficient  fall  in  blood- 
pressure  to  entirely  prevent  urine  formation  for  a  period  of  varying 
length.  Vasomotor  influences,  together  with  the  increasing  volume 
of  inflowing  lymph,  doubtless  operate  to  restore  the  usual  pressure 
and  normal  conditions  in  a  relatively  short  time,  as  may  be  done  at 
once  by  returning  the  blood  itself.     The  continued  influx  of  lymph 
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after  hemorrhage  not  only  raises  blood-pressure,  but  also  increases 
the  water-content  of  the  remaining  blood.  This  increasing  content 
of  water  in  the  blood,  together  with  the  absolute  increase  in  volume 
after  the  return  of  the  blood,  doubtless  accounted  for  the  increased 
output  of  water  in  the  urine  after  the  initial  posthemorrhagic  inter- 
ruption of  flow  had  ceased  (see  page  194). 

These  results  confirm  the  early  observations  of  Goll'  and  the  sub- 
sequent deductions  of  Bauer. 

VIII.    Summary  of  General  Conclusions. 

A.  External  hemorrhage,  equal  to  from  3  to  3.5  per  cent  of  the 
body-weight,  of  dogs,  was  observed  to  cause  the  following  more 
important  effects: 

In  well-nourished  animals,  in  weight  and  nitrogen  equilibrium,  and 
fed  continuously  on  a  diet  of  constant  composition,  there  was  a 
temporarily  increased  output  of  nitrogenous  and  sulphur-containing 
products  in  the  urine,  and  a  variable  effect  on  the  elimination  of  phos- 
phorized  substances,  though  mainly  a  decreased  excretion  of  the  latter. 
Total  solids  in  the  urine  were  increased  with  the  nitrogen  and  sulphur 
catabolism.  These  effects  were  relatively  slight  after  one  bleeding 
of  moderate  amount,  but  became  more  marked  and  lasted  longer  with 
repeated  losses  of  blood.  Healing  of  the  necessary  wounds  in  the 
operations,  material  lapped  from  these  wounds,  disturbance  of  circu- 
lation in  the  part  fed  by  the  artery  from  which  blood  was  taken,  and 
associated  influences,  combined  to  produce  a  part  though  only  a 
minor  share  of  the  observed  catabolic  effects. 

The  increased  elimination  of  the  catabolic  products  referred  to 
above  occurred  only  in  the  urine.  The  amount,  consistency,  and 
composition  of  the  fasces  were  apparently  unaffected  by  the  hemor- 
rhage. Digestion  did  not  appear  to  be  materially  disturbed  at  any 
time,  even  after  several  severe  hemorrhages  at  short  intervals. 
There  was  little  or  no  effect  on  intestinal  putrefaction. 

Body-weight  steadily  declined  on  the  original  equilibrium  diet  after 
each  bleeding.  When  the  animal  was  allowed  to  eat  freely,  hemor- 
rhages were  followed  by  gradually  increased  weight.  Moderate  loss 
of  blood  markedly  increased  the  appetite  and  caused  thirst,  even 
during  periods  when  the  animal  was  receiving  an  excess  of  food- 
Excessive  losses  of  blood  had  temporarily  an  opposite  effect. 

'  Goll  ;  ZeitHchrift  fur  rationelle  Medizin,  1S54,  iv,  p.  78, 
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Volume  of  the  urine  and  its  specific  gravity  fell  at  first  after 
hemorrhage,  then  rose  far  above  the  average  for  several  days,  return- 
ing shortly  to  the  usual  quantity.  With  each  succeeding  hemorrhage, 
the  low  volume  for  the  first  twenty-four  hours  was  slightly  increased. 
but  the  cumulative  rise  after  the  first  twenty-four  hours  became  more 
decided  and  was  longer  continued.  Hemorrhage  caused  an  immedi- 
ate stoppage  of  the  formation  of  urine,  a  subsequent  retardation  of 
Row,  and  finally  a  decided  stimulation.  On  returning  the  blood 
(defibrinated),  urine  immediately  began  to  form,  and  flowed  under 
,  special  stimulating  influences.  Hemorrhage  inhibited  the  hyperse- 
cretion of  saliva  during  ether  araesthesia. 

The  urine  was  always  decidedly  acid  in  reaction  before  hemorrhage, 
slightly  amphoteric  occasionally.  After  hemorrhage,  however,  it  was 
strongly  amphoteric  for  several  days. 

The  only  observed  abnormality  of  the  urines  was  a  transient 
glycosuria.     This  appeared  to  be  due  solely  to  the  anassthetic. 

Effects  on  respiration,  heart-beat,  blood -pressure,  and  on  ihe  quali- 
ties of  the  blood,  such  as  number  of  erythrocytes,  leucocytosis,  and 
clotting  tendency,  were  essentially  the  same  as  those  repeatedly 
observed  by  others. 

After  successive  hemorrhages,  the  percentage-content  of  proteid 
and  nitrogen  in  the  blood  gradually  fell;  that  of  phosphorus,  sulphur, 
and  ash  remained  practically  stationary.  Specific  gravity  fell,  and 
water-content  rose  in  each  sample  of  blood,  even  when  taken  at  very 
wide  intervals. 

l>.  Light  ether  anaesthesia,  in  these  experiments,  caused  decreased 
elimination  of  nitrogen  and  sulphur,  but  increased  output  of  chloride 
and  total  solids  in  the  urine,  with  no  special  effect  on  specific  gravity 
and  none  on  phosphorus  metabolism.  For  about  twenty-four  hours 
after  light  anaesthesia,  urinary  volume  was  markedly  increased.  After 
twenty-four  hours  there  was  a  corresponding  temporary  fall  below 
the  average  daily  volume. 

Ether  caused  transient  glycosuria. 

IX.    Bibliography. 
The  following  references  will  put  the  reader  on  the  main  track  of 
the  literature  of  this  subject: 
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THE  CAUSE  OF  THE  PHARMACOLOGICAL  ACTION  OF 

THE    lODATES,    BRQMATES,     CHLORATES,    OTHER 

OXIDIZING   SUBSTANCES  AND   SOME 

ORGANIC   DRUGS. 

By   A.   P.   MATHEWS. 

[Frem  ike  Hall  rhyihlegical  Laboratories,  University  of  Chieago.'] 

'TT^HIS  paper  contains  an  explanation  of  certain  exceptions  noted 
■^  in  my  paper  on  the  relation  between  physiological  action  and 
solution-tension.'  It  was  shown  in  that  paper  that  inorganic  salts 
act  on  protoplasm  by  means  of  the  electrical  charges  on  the  ions.  The 
kind  and  degree  of  action  was  determined  chiefly  by  the  sign  of  the 
charge,  whether  negative  or  positive,  and  by  the  solution-tension 
or  ionic  potential  of  the  ion.  The  chemical  composition  of  the  ion 
was  of  little  importance.  The  poisonous  power  of  a  salt  was  shown 
to  be  inversely  proportional  to  its  decompo-sition-tension.  The  iodales 
were  found  to  be  exceptions  to  this  law,  and  the  action  of  the  organic 
drugs,  many  of  which  do  not  appreciably  ionize,  was  left  unexplained. 
In  this  paper  I  wish  to  consider  both  these  points. 

The  iodates  have  a  high  decomposition-tension,  and,  according  to 
my  hypothesis,  should  be  inert  and  even  less  poisonous  than  the 
chlorides.  I  found  them,  on  the  contrary,  to  be  quite  poisonous  in 
their  action  on  Fundulus  eggs,  and  I  suggested  that  the  iodates  must 
have  a  solution-tension  lower  than  had  been  supposed.  During  the 
past  winter  I  have  found  that  sodium  iodate  acts  upon  the  motor 
nerve  of  the  frog  like  a  salt  of  which  the  anion  has  a  high  solution- 
tension,  this  ion  being  relatively  inert. 

How  shall  we  explain  this  discrepancy?  Upon  the  nerve  the  iodate 
follows  the  rule  and  is  inert,  acting  like  a  salt  of  high  decomposition- 
tension  ;  upon  Fundulus  eggs  it  is  an  exception  and  acts  like  a  salt 
of  low  decomposition-tension.  This  discrepancy  is  but  one  instance 
of  many  familiar  to  pharmacologists,  in  which  marked  variations  have 

'  Mathews  :  This  journal,  1904,  n,  p.  290. 
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been  observed  in  tbe  poisonous  action  of  salts  on  the  different  tissues 
of  the  same  animal,  upon  different  animals,  or  upon  the  same  tissue 
under  different  conditions. 

The  iodates  belong  to  a  class  of  compounds  which  includes  the 
chlorates,  bromates,  chromates,  permanganates,  ferricyanides,  and 
nitrites.  All  of  these  salts  are  oxidizing  agents.  That  the  physi- 
ological power  of  these  salts  is  correlated  with  their  oxidative  powers 
is  shown  by  a  comparison  of  the  poisonous  action  of  the  chlorates, 
bromates,  and  iodates.  The  minimum  fatal  doses  for  Fundulus  eggs 
were  as  follows :  for  potassium  iodate,  ^;  for  the  bromate,  ^'5;  and 
for  the  chlorate,  \  «.  Dreser '  states  that  the  salts  arrange  themselves 
in  this  order  of  poisonous  power  for  yeast,  fishes,  frogs,  and  mammals. 
This  order,  as  Dreser  and  Binz  have  pointed  out,  is  the  same  as  the 
order  of  their  oxidative  powers,  and  these  authors  recognize  that 
their  pharmacological  action  has  a  casual  relation  with  their  oxida- 
tive action.^  The  relative  oxidizing  action  has  been  particularly 
studied  by  Burchard.^  If  the  cause  of  the  variations  in  their 
oxidative  powers  were  understood,  we  might  understand  the  cause 
of  the  variation  in  the  physiological  action. 

According  to  the  theory  of  Ostwald,*  an  oxidizing  substance  is 
one  which  contains  positive  electrical  charges  with  which  it  readily 
parts,  or,  what  amounts  to  the  same  thing,  one  having  an  affinity 
for  negative  charges.  The  power  of  oxidation  depends  upon  the 
ease  with  which  the  oxidizing  substance  gives  up  these  charges,  or 
upon  the  solution-tension,  belter  called  the  ionic  potential,  of  the 
cation.  According  to  his  view,  therefore,  all  positive  ions  are  oxidiz- 
ing ions,  although  they  differ  greatly  in  power,  and  all  negative  ions 
are  reducing  ions. 

While  this  hypothesis  makes  it  easy  to  see  how  ferric  chloride 
oxidizes,  because  the  three-charged  ferric  ion  gives  up  a  positive 
charge  with  great  ease,  going  thereby  into  the  two-charged  ferrous 
state;  and  why  silver,  platinum,  gold,  and  copper  salts  are  strong 
oxidizing  agents,  in  all  of  which  the  oxidizing  part  is  a  cation  of  high 
potential,  it  is  difficult  to  understand  the  oxidizing  power  of  the 
permanganates,  chlorates,  iodates,  bromates,  ferricyanides,  chromates 

'  Bi\z  :  Archiv  fiir  experi  men  telle  Palhologie  und  Pharmakologie,  1S94, 
xxxiv,  p.  :!04. 

-'  BlNZ  :  Lee.  cil.,  p.  Z07. 

"  Burchakd:  Zeitschrift  fiir  physikalische  Chemie,  1888,  ii,  p.  796. 

*  OSTWALD :  Grundriss  der  allgemeinen  Chemie,  3d  ed.,  1899,  pp.  439  ff. 
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and  nitrites,  in  which  the  cation  is  without  strong  oxidative  powers 
and  oxidation  is  plainly  due  to  that  part  of  the  molecule  which,  ap- 
parently at  any  rate,  is  in  the  negative  ion, 

To  explain  the  action  of  the  latter  compounds  Ostwald  has  made 
the  suggestion  that  these  oxidize,  because  in  solutions  of  such  salts 
there  are  present  not  only  the  ions  generally  supposed  to  be  there, 
but  also  other  ions  of  very  low  solution-tension.  For  example,  the 
oxidizing  action  of  nitric  acid,  according  to  Ostwald,  is  not  due 
either  to  the  hydrogen  ion  or  to  the  nitrate  ion,  but  to  the  fact  that 

+     - 
nitric  acid  dissociates  in  small  amounts  into  NOjOH.     The  oxidizing 
action  is  due  to  the  small  number  of  NOj  ions  present,  these  having 
a  very  low  solution-tension.     When  silver  is  dissolved  in  nitric  acid, 
the  reaction  is  to  be  written  as  follows: 

Ag  -1-  NOjOH  +  HNO,  =  AgNO.  +  H,0  +  NO,. 

In  this  equation  the  positive  NO^  ions  oxidize  metallic  silver  to 
the  ionic  state.  Similarly,  in  a  solution  of  the  permanganates,  a  small 
number  of  manganese  ions,  with  a  valence  of  seven,  are  present 
combined  as  the  hydrate,  as  follows: 


HMnO,  -I-  3  H,0  =  Mn{OH),. 

Although  at  any  instant  so  small  a  number  of  such  ions  are 
present  that  they  can  hardly  be  detected,  yet  as  soon  as  they  are 
removed  or  used  up  in  oxidation,  more  are  instantly  formed,  thus 
permitting  the  reaction  to  go  on  very  rapidly.  This  interpretation  is 
supported  by  many  well-known  facts  for  which -reference  may  be 
made  to  Ostwald's  discussion. 

The  Iodates. 
How  far  may  similar  reasoning  explain  the  action  of  the  iodates? 
We  may  first  consider  the  action  of  sodium  iodate  on  potassium 
iodide.  As  is  well  known,  no  reaction  takes  place  between  these 
salts  as  long  as  the  solution  remains  neutral  or  alkaline,  but  in  the 
presence  of  even  small  amounts  of  acid  the  iodate  oxidizes  the  iodide, 
setting  free  iodine.  This  reaction  shows  on  Ostwald's  hypothesis, 
that  as  soon  as  sodium  iodate  is  made  acid,  it  contains  positive  ions 
of  a  kind  which  were  not  present  while  it  was  neutral  or  alkaline, 
or  which  were  present  in  much  smaller  numbers,  and  that  these 
positive  ions  arc  not  the  hydrogen   ions,  but  must   be  ions  having 
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an  ionic  potential  much  higher  than  these,  since  hydrogen  will 
oxidize  iodine  only  very  slowly.  What  are  these  new  ions  which 
are  formed  so  soon  as  the  iodatc  becomes  acid  ?  On  Oslwald's 
reasoning,  they  should  be  positive  iodine  ions,  the  dissociation  taking 
place  as  follows : 

HIO,  +  2  H,0  =  I(bH),. 

To  test  this  hypothesis,  I  electrolyzed  neutral  and  acid  solutions 
of  the  iodate.  In  the  neutral  solution,  the  iodine  comes  ofT  only  at 
the  anode;  in  the  acid  solution,  it  comes  off  both  at  the  anode  and 
cathode,  but  chiefly  at  the  latter,  thus  indicating  that  in  such  solu- 
tions the  iodine  is  present  as  a  positive  ion,  as  well  as  in  the 
negative.  The  objection  to  this  experiment  is  that  the  iodate  is 
reduced  at  the  cathode  to  iodide,  by  the  nascent  hydrogen  formed, 
a  reaction  which  really  takes  place,  and  that  the  acid  then  causes 
the  ordinary  reaction  between  hydriodic  and  iodic  acids.  To  this 
objection  it  may  be  answered  that  the  analogy  between  the  iodates 
and  sodium  silver  cyanide  strongly  supports  the  view  that  the  separa- 
tion of  the  iodine  is,  in  part  at  least,  a  primary  process,  and  that 
in  any  case  there  is  in  reality  no  difference  in  kind  between  primary 
and  secondary  electrolytic  reactions. 

Whether  this  explanation  of  the  iodate  action  be  correct  or  not, 
I  wish  to  emphasize  the  fact  that  an  iodate  in  an  alkaline  or  neutral 
solution  has  different  properties  from  an  iodate  in  acid  solution,  inas- 
much as  in  the  last  solution  it  is  an  intense  oxidizing  agent,  whereas 
in  the  others  it  is  not.  Upon  Ostwald's  hypothesis,  this  variation  in 
action  of  the  iodate  is  probably  to  be  ascribed  to  the  fact  that  the 
character  of  the  dissociation  changes  as  soon  as  the  solution  be- 
comes acid,' 

We  may  now  apply  these  facts  to  the  explanation  of  the  divergence 
noted  in  the  action  of  the  iodates  on  the  different  kinds  of  protoplasm. 
Toward  Fundulus  eggs,  an  iodate  is  a  poison;  toward  the  nerve  it  is 
relatively  inert.  The  difference  between  these  tissues  is  primarily  a 
difference  in  metabolism.  Fundulus  eggs  produce  during  division, 
judging  from  analogy  with  sea-urchin  eggs,^  large  quantities  of  car- 
bon dioxide,  while  the  metabolism  of  the  nerve  is  known  to  be  very 

'  For  indications  that  similar  changes  in  dissociation  occur  in  organic  com- 
pounds, folloning  changes  in  acidity,  see  Nef,  Liebig's  Annakn,  1899,  cccix, 
p.  is6 

*  Lyon  :  This  journal,  1904,  xi,  p.  52. 
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small.  This  carbon  dioxide  probably  renders  the  egg-substance,  or 
the  water  immediately  in  contact  with  it,  far  more  acid  than  the 
nerve,  and  the  result  of  this  is  an  enormous  increase  in  oxidative 
power  of  the  iodate,  probably  due  to  the  formation  of  a  small  number 
of  positive  ions  (iodine)  of  very  high  ionic  potential,  which  are, 
accordingly,  very  poisonous. 

To  make  the  matter  more  certain,  that  the  acidity  of  the  tissue 
may  make  the  iodate  greatly  more  active  than  when  it  is  neutral, 
I  tried  the  following  experiment.  If  the  gastrocnemius  muscle  of 
the  frog  is  immersed  in  neutral  'f  solution  of  sodium  iodate,  it  under- 
goes little  or  no  shortening  for  several  minutes.  If,  however,  the 
iodate  be  made  very  slightly  acid,  so  that  it  contains  about  -(^^5  sul- 
phuric acid,  the  muscle  is  quickly  coagulated,  causing  a  sharp  rise 
in  tone  and  rigor,  preceded  by  fibrillary  contractions.  Complete 
coagulation  ensued  in  about  one-half  an  hour.  To  show  that  the 
hydrogen  ions  were  not  responsible  for  this  coagulation,  the  other 
muscle  of  the  same  frog  was  placed  in  ^  sodium  chloride  of  the 
same  acidity.  This  muscle  showed  little  or  no  shortening,  and  was 
still  irritable  when  the  other  was  coagulated.  I  observed,  also,  that 
the  iodate  is  a  much  more  intense  poison  for  the  muscle,  which 
turns  acid  easily  and  produces  carbon  dioxide,  than  for  the  nerve. 

By  this  explanation  of  the  action  of  the  iodates,  it  is  seen  that 
these  salts,  instead  of  being  exceptions  to  the  law  stated  in  my 
former  paper,  confirm  the  hypothesis  that  ionic  potential  determines 
physiological  action.  It  is,  I  think,  highly  suggestive  that  a  slight 
difference  in  reaction  of  two  tissues  may  be  sufficient,  if  Ostwald's 
hypothesis  be  correct,  to  produce  a  difference  in  the  ionization  of 
salts,  and  cause  thereby  a  difference  in  the  physiological  response. 

The  Chlorates. 
The  action  of  the  chlorates,  and  the  other  salts  of  which  the  anion 
apparently  oxidizes,  may  be  explained  in  the  same  manner.  No  good 
explanation  has  been  given  of  the  peculiar  difference  of  action  of  the 
chlorates  in  different  animals.  In  the  frog,  Temporaria,  and  rabbits 
these  salts  are  much  more  inert  than  in  dogs.  In  the  animals  affected 
by  the  drug,  methasmoglobin  is  formed,  and  to  this  the  poisonous 
action  is  often  attributed,' but  that  this  is  not  a  complete  explanation 
of  its  action,  I  think  pharmacologists  generally  will  admit.  In  rabbits 
methicmoglobin  is  formed  with  difficulty,  and  the  animals  are  much 
'  Cushny:  Pharmacology,  ad  ed.,  1901,  p.  512, 
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more  immune  than  dogs.  It  has  been  suggested  that  in  the  dog  the 
salt  can  penetrate  the  red  corpuscle,  and  thus  oxidize  the  haemoglobin, 
white  in  the  rabbit  it  cannot.  In  fact,  dog's  blood  can  be  oxidized 
more  easily  than  rabbit's.  It  is  probable  that  the  same  factor  in 
the  blood  which  determines  that  the  corpuscles  of  the  rabbit  are 
not  dissolved  by  the  chlorate,  probably  determines  in  the  tissues  their 
immunity  to  the  chlorates.  I  have  found  that  the  laked  rabbit's  blood 
is  hardly,  if  at  all,  more  readily  oxidized  to  methasmoglobin  than  is  the 
unlaked  blood,  thus  showing  that  afailureto  penetrate  the  corpuscle  is 
not  the  true  explanation.  If,  however,  a  current  of  carbon -dioxide  be 
passed  through  the  blood  of  dogs  or  rabbits,  the  action  of  the  chlorate 
takes  place  very  rapidly,  and  metha;moglobin  is  quickly  formed.  It  is, 
therefore,  clear  that  white  the  arterial  blood  of  the  dog  or  rabbit  is  quite 
resistant  to  the  action  of  the  chlorate,  the  venous  blood  will  be  quickly 
acled  on  in  both  cases.  This  experiment  shows  that  the  conversion 
probably  takes  place  in  the  body  in  that  part  of  the  circulation  where 
the  blood  is  most  acid,  i.e.,  in  the  venous  system.  That  the  conver- 
sion of  haemoglobin  to  methasmoglobin  is  not  entirely  sufficient  to  ex- 
plain the  action  of  the  chlorates,  or  their  lack  of  action,  is  shown,  also, 
by  the  fact  that  in  Rana  Esculenta  the  iodates  are  intense  poisons, 
while  in  Rana  Tcmporaria  they  are  not;  yet  in  the  first  frog,  the 
blood  does  not  contain  methxmoglobin  after  their  action.' 

Whether  rabbit's  blood  is  more  alkaline  than  dog's  I  have  not  ob- 
served, but  the  fact  that  the  herbivorous  animals  secrete  a  strongly 
alkaline  urine,  and  that  their  diet  is  one  which  we  know  by  experiment 
increases  the  alkalinity  of  blood  generally,  would  indicate  that  such 
was  the  case ;  the  dog's  urine,  on  the  other  hand,  is  strongly  acid,  and 
his  diet  of  meat  would  increase  the  acidity  of  the  blood. 

If  such  a  difference  in  alkalinity  exists,  it  is  sufficient  to  account  for 
the  greater  immunity  of  the  rabbits. 

The  objections  raised  by  Cushny^  to  ascribing  the  action  of  the 
chlorates  to  their  oxidizing  action,  because  the  chlorates  are  excreted 
for  the  most  part  unchanged,  is  immaterial,  for  the  reason  that  a  small 
portion  of  the  chlorate  is  not  accounted  for,  and  it  is  probably  the 
portion  which  is  used  up  which  exerts  an  action.  The  bromates  and 
iodates  are  certainly  changed  in  part,  at  least,  to  the  form  of  halides, 
so  that  the  chlorates  are  probably  changed  also. 

That  the  pharmacological  action  of  the  chlorates,  like  their  oxida- 

'   BiNZ  :  I.oc.  cil.,  p.  Z07. 
'  CusHNY  :  Loc.  cit.,  p.  51  '- 
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live  action,  is  enormously  facilitated  by  the  presence  of  small  quanti- 
ties of  acid,  may  be  shown  easily  by  the  experiments  already  referred 
to  upon  the  action  of  carbonic  acid  on  chlorate  blood.  It  can  also  be 
shown  by  allowing  an  j  solution  of  sodium  chlorate,  slightly  acidified, 
to  run  over  a  gastrocnemius  muscle.  Such  a  solution  causes  an  in- 
stantaneous contraction ;  while  the  neutral  chlorate,  or  a  chloride 
solution  of  the  same  acidity,  is  inert.  Upon  tetanized  muscle,  also, 
the  chlorate  is  inuch  more  poisonous  than  upon  non-tetanized.  I  tried 
the  following  experiment.  One  sciatic  nerve  of  a  frog  was  stimulated 
intermittently  for  fifteen  minutes.  Both  gastrocnemius  muscles  were 
then  removed  and  suspended  in  the  same  solution  of  sodium  chlorate 
r".  The  tetanized  muscle  underwent  fibrillary  contractions;  its  tone 
steadily  increased;  there  were  no  large  contractions;  and  the  muscle 
was  coagulated  the  next  morning.  The  untetanized  muscle  under- 
went no  shortening;  it  contracted  rhythmically  and  strongly  almost 
from  the  time  of  immersion ;  and  the  next  morning  was  irritable  and 
not  coagulated. 

From  these  experiments  I  see  no  escape  from  the  conclusion  already 
reached  by  Binz  that  the  pharmacological  action  of  the  drug  is  deter- 
mined by  its  oxidative  action,  and  that  this  is  increased  by  the  pro- 
duction in  any  tissue  of  carbon  dioxide,  or  other  acid.  The  variations 
in  oxidative  power  are  due  then  to  variations  in  the  acidity  of  the  tis- 
sues ;  the  more  acid  the  tissue,  the  more  intense  the  action  of  the  drug, 
We  may  add  to  Binz's  conclusion  the  following :  This  increase  in  oxi- 
dative power  is  due,  on  Ostwald's  hypothesis,  to  the  chlorate  having 
in  it,  in  acid  solution,  positive  ions  of  low  solution-tension,  which  are 
present  in  the  alkaline  solution  only  in  very  small  amount.  Thechar- 
acter  of  these  positive  ions  is  uncertain  ;  but  from  analogy  they  should 
be  chlorine  ions  with  a  valence  of  five.  In  other  words,  we  reach  the 
conclusion  by  this  path,  to  which  Binz  came  from  other  directions,  that 
the  action  of  the  chlorate  is  due  to  its  halogen  atom.  The  fact  that 
the  acid  chlorates  are  far  less  poisonous  than  the  acid  iodates  is  cor- 
related with  the  fact  that  the  chlorates  are  far  less  intense  oxidizing 
agents  than  the  iodates,  as  may  be  seen  by  a  comparison  of  their 
actions  on  potassium  iodide. 

BiCHROMATES    AND    OtHER    SaLTS. 

The  same  conditions  govern  the  oxidative  action  of  the  ferricyanides, 
bichromates,  and  permanganates.  In  the  chromatesand  bichromates 
the  oxidizing  agent  is  the  chromium  ion  ;  in  the  permanganates  the 
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—a  jianese  ion ;  and  in  the  ferricyanides,  the  ferric  ion.  Ostwald  ^  has 
jUj^i^csted  for  the  ferricyanides  that  the  oxidizing  action  is  due  to  the 
tb.nN-charged  ferricyanide  anion  going  over  to  the  four-charged  state. 
It  seems  to  me  more  probable  from  analogy,  and  the  fact  that  the 
(k\idizing  action  is  more  powerful  in  acid  solution,  that  the  action 
must  be  due  to  the  presence  of  ferric  ions.' 

For  all  these  compounds  the  following  general  rule  may  be  stated : 
Oxitiidtiff  salts,  such  as  the  chlorates,  which  have  the  oxidising  prop- 
trly  conmcted  apparently  with  the  anion,  oxidise  most  powerfully  in 
mid  soltitions ;  those  which  have  the  oxidising  portion  in  the  cation,  as 
lUpric  salts,  oxidise  best  in  alkaline  solutions.  Pkartnacologically 
the  rule  may  be  put  as  follows  :  All  compounds  of  the  first  class  act 
the  more  powerfully  the  more  acid  the  tissue ;  all  compounds  of  the 
second  class  act  more  powerfully  the  more  alkaline  the  tissue.  The 
explanation  of  this  rule  has  already  been  given. 

As  an  example  of  the  application  of  this  rule,  I  believe  the  action 
of  copper  salts  on  mould  spores  may  be  cited.  As  mentioned  in  my 
former  paper,  some  forms  of  protoplasm  and  particularly  moulds  are 
very  resistant  to  copper.  It  is  well  known  that  the  oxidative  power 
of  copper  salts  is  much  (greater  in  alkaline  than  in  acid  solutions. 
For  example,  copper  acetate  in  strongly  acid  solutions  is  unable  to 
oxidize  any  of  the  sugars ;'  if  we  gradually  reduce  the  acidity,  the 
increase  in  oxidative  power  may  easily  be  seen.  Levulose  is  oxidized 
by  fairly  acid  solutions  ;  as  the  acidity  is  reduced,  glucose  can  be 
oxidized  ;  then  galactose  ;  then  maltose  ;  and  finally,  in  alkaline  solu- 
tion, lactose  may  be  oxidized.  It  is  not  uninteresting  that  this  is  the 
order  in  which  the  body  is  able  to  utilize  the  sugars  as  foods.  This 
experiment  shows  that  in  alkaline  copper  acetate,  there  must  be 
present  positive  ions  of  higher  ionic  potential  and  greater  power  than 
in  acid.  It  must  therefore  happen  that  if  protoplasm  is  acid,  copper 
will  be  relatively  inert,  while  toward  alkaline  protoplasm  it  should  be 
more  powerful.  There  are  reasons  for  believing  that  the  protoplasm 
of  moulds  is  acid,  since  these  grow  best  in  acid  media,  and  Buchner 
and  Hahn^  state  that  the  "  Press-saft  "  of  yeast  is  always  acid,  how- 
ever fresh  it  may  be. 

'  Ostwald  ;  Lnc.  cit-,  p-  439. 

'  That  the  ferricyanide  di^oclates  in  pan  into  ferric  ions  is  iniliciited  niso  by 
the  behavior  of  the  corresponding  ferrofulminic  acid  salts  which  in  add  solutions 
decompose  completely  in  this  way  (N'ef  :  Proceedings  Amer.  Acad.,  1894,  p.  188), 

•  Bi;ciiNER  and  Hahn;   Die  Zj  masegarung,  Mijnchen,  1903,  p.  292. 
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The  Action  of  Sodcum  Silver  Cyanide. 
Another  principle  of  pharmacological  importance  is  brought  out  by 
a  study  of  these  oxidizing  salts  and  of  sodium  silver  cyanide.  The 
latter  salt  dissociates  chiefly  into  sodium  and  silver  cyanogen  ions. 
There  are,  however,  a  few  positive  silver  ions  present,  although  their 
number  is  very  small  so  long  as  the  solution  remains  alkaline.  It 
might  be  supposed  from  the  chemical  behavior,  that  silver  ions  were 
not  present,  but  that  they  are  present  may  be  shown  if  the  solution 
is  elecirolyzcd,  when  silver  is  deposited  at  the  cathode.  Practically, 
the  whole  of  the  silver  may  be  thus  deposited.  While,  therefore,  at 
any  instant  there  are  present  so  few  silver  ions  that  they  cannot  be  de- 
tected by  ordinary  reactions,  the  whole  of  the  positive  electrolysis  is 
carried  out  by  these  minute  quantities  of  ions.  This  is  made  possi- 
ble by  the  fact  that  there  is  an  equilibrium  in  the  solution  between 

+       +        -  - 

Na,  Ag,  AgCuj,  Cn  ions,  and  (Na,  AgCn,)  molecules.  When  one 
silver  ion  is  removed  by  electrolysis,  another  is  quickly  generated.' 
It  seems  to  me  that  the  electrolytic  behavior  of  this  salt  is  in  the 
highest  degree  significant  for  pharmacologists.  It  enables  us  to  see 
how  substances  may  act  powerfully  on  protoplasm,  although  they 
are  so  slightly  ionized  that  they  appear  not  to  be  ionized  at  all.  If 
any  tissue  is  capable  of  removing  silver  ions  from  the  ionic  form,  say 
by  combining  with  them,  it  will  act  just  like  the  cathode,  and  in  a 
solution  of  this  salt,  such  a  tissue  will  cause  all  the  silver  ultimately 
to  become  active  in  the  ionic  form.  Furthermore,  if  the  conditions 
in  any  tissue  favor  the  formation  of  such  ions,  more  than  in  another 
tissue,  and  if  the  tissue  can  combine  with  such  ions,  as  all  tissues 
can,  that  tissue  will  appear  to  exert  a  selective  action  on  the  silver; 
it  will  pick  it  out  and  be  poisoned  by  the  salt  more  than  another 
tissue.  Such  conditions  may  easily  prevail,  for,  as  stated,  it  is  only 
necessary  to  decrease  the  alkalinity  or  increase  the  acidity  to  increase 
greatly  the  number  of  silver  ions.  Sodium  silver  cyanide,  in  other 
words,  is  an  oxidizing  agent  like  the  iodates,  only  instead  of  splitting 
off  positive  iodine,  it  splits  off  positive  silver.  The  fact  that  the 
silver  cyanides  split  off  small  numbers  of  the  silver  ions  strongly 
confirms   the   hypothesis   that   the  iodates  and   chlorates  dissociate 

small  numbers  of  the  iodine  and  chlorine  ions. 
Organic  chemistry  is  full  of  instances  showing  the  importance  of 
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these  substances  formed  as  intermediate  products  of  reactions,  sub- 
stances which  may  be  present  at  any  instant  only  in  minute  traces, 
and  yet  a  large  quantity  of  a  reacting  substance  may  pass  with  great 
rapidity,  molecule  by  molecule,  through  such  stages.'  1  believe  the 
application  of  this  principle  will  ultimately  harmonize  the  action  of 
the  organic  drugs  with  the  hypothesis  that  inorganic  and  organic 
salts  act  on  protoplasm  by  the  electrical  charges  on  the  ions,  the 
degree  of  action  being  determined  by  the  number  and  ionic  potential 
of  these  ions. 

Two  or  three  instances  will  suffice  to  indicate  this  more  precisely. 
Amyl  nitrite  and  sodium  nitrite  produce  nearly  the  same  physio- 
logical result.  Sodium  nitrite  in  acid  solutions  is  a  strong  oxidizing 
agent.  It  acts  pharmacologically  not  by  means  of  its  sodium  ions  or 
its  negative  nitrite  ions,  which  arc  present  in  large  numbers,  but 
undoubtedly,  from  what  has  been  said  of  the  relation  of  pharmaco- 
logical to  oxidizing  action,  by  means  of  small  quantities  of  positive 
NO  ions  its  solutions  contain.  These  ions  have  a  very  high  ionic 
potential,  and  cause  thereby  an  intense  oxidation  and  pharmacological 
action.  Such  ions  will  be  set  free  in  the  more  acid  tissues.  I  have 
found  that  the  nitrite  is  relatively  inert  toward  alkaline  tissues,  but 
poisonous  toward  acid.  Now  amyl  nitrite  does  not  dissociate  electro- 
lytically,  except  very  slightly,  nevertheless  there  is  reason  for  thinking 
that  it  does  dissociate  somewhat  because  it  will  break  up  in  water 
with  the  formation  of  amyl  alcohol,  and  it  is  easy  in  reactions  to 
replace  the  nitrite  group,  showing  it  to  be  loosely  bound.  Besides 
this,  tertiary  amyl  iodide  is  known  to  split  very  rapidly  in  water  into 
tertiary  amyj  alcohol  and  hydriodic  acid.  If  amyl  nitrite  does  dis- 
sociate these  same  NO  ions,  as  its  chemical  behavior  indicates,  it 
is  clear  that  it  rfiust  exert  a  similar  action  to  the  inorganic  nitrites.^ 
For  even  though  at  any  time  there  are  present  but  small  amounts 
of  such  ions,  so  great  is  their  combining  power  that  they  are  at  once 
removed  by  the  tissues,  and  new  ions  are  generated  to  take  their 
place.  Amyl  nitrite,  or  any  nitrite  capable  of  this  dissociation,  must 
produce  the  same  pharmacological  effect. 

The  second  instance  is  chloroform.     Chloroform  in  all  its  physio- 

1  Nef  has  particularly  emphasized  (he  importance  of  these  dissociated  mole- 
cules of  organic  compounds,  tvolh  for  chemical  and  physiological  reactions  (see 
Liebig's  Annaten,  1899.  cccix,  p.  1561  1901,  cccxviii,  p.  3). 

*  BiNZ  ;  Archiv  flir  experi  men  telle  Pathologic  und  Pharmakologie,  1S80,  liii, 
P-  "33- 
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logical  reactions  bears  a  remarkable  resemblance  to  atomic  chlorine, 
as  has  been  pointed  out  by  Binz.  Negative  chlorine  is  a  stimulant, 
but  atomic  chlorine,  according  to  the  theory,  is  positively  charged, 
and  must  hence  have  an  opposite  or  depressant  action.  Chlorine 
gas  is  an  intense  oxidizing  agent.  This  shows,  it  seems  to  mc,  that 
it  must  contain  positive  ions  of  high  potential,  although  in  small 
quantities.  Now  chlorine  gas  acts  on  protoplasm,  as  Binz  has 
shown,  as  an  anaesthetic'  Frogs  are  anesthetized  by  it;  nerves 
lose  their  irritability;  muscles  exposed  to  its  vapors  undergo  a 
prolonged  tetanic  rigor  exactly  similar  to  that  produced  by  acids 
or  chloroform  or  other  anesthetics.  Both  chloroform  and  chlorine 
are  intense  irritants  to  skin  and  mucous  membranes,  although  the 
chlorine  is  the  more  powerful.  The  sole  difference  in  action  is  a 
difference  in  degree. 

Evidence  is  not  lacking  that  chloroform  does  dissociate  small 
quantities  of  chlorine  ions.  The  fact  that  methyl  chlorides  do 
ionize,  though  slowly,  is  shown  by  their  behavior.  Hydrolytic 
decomposition  takes  place  in  small  amounts,  as  follows: 
CH,C1  +  HjO  =  CHjOH  +  HCl. 
The  halogen  atoms  in  such  compounds  react  slowly  with  silver 
nitrate,  this  is  particularly  true  of  the  iodides,  forming  silver  halides. 
After  chloroform  is  given,  the  chlorides  are  increased  in  the  urine,' 
though  the  chlorine  is  not  derived  wholly  from  the  chloroform. 
When  ethyl  bromide  is  given,  bromides  appear  in  the  urine-' 
Methyl  and  ethyl  bromides  and  iodides  react  in  the  test  tube  more 
rapidly  with  silver  nitrate  than  do  the  chlorides,*  and  they  are  more 
intense  depressants  than  the  chlorides.'  The  iodine  and  other  halo- 
gens in  the  clhyt  compounds  are  less  easily  split  off  than  the  same 
halogens  in  the  methyl  compounds,*  and  corresponding  with  this  the 
ethyl  chlorides  and  bromides  are  less  strongly  anxsthelic,  molecule 
for   molecule,  than    the  methyl. '     The   pharmacological   action   of 

'  Binz  ;  Archiv  fiir  experimenlelle  Fathologie  und  Pharmakolngie,   1880,  xiii, 
p,  139;  1894,  xxxiv,  p.  199. 

*  Kast  :  Zeilschritt  fiir  physiologisehe  Chemie,  1888,  xii,  p.  277, 

'  Bisz :  Archiv  fiir    expcrimentelle    I'aihologie  und    I'harmakologie,    (891, 

'  Mevek  and  Jacohson  :   Lehrbucli  der  Organisclien  Chemie,  I,  p.  183. 
'  OVEHTON  ;  Studien  tiber  die  Narkose,  Jena,  1901,  p.  103. 

*  Mever  and  Jacobsov:  Loc.  cil. 

'  DiEBALLA  ;  Archiv  fiir  expcrimentelle  Pathologic  und  Pharmakologie,  1894, 
XMiv,  p.  137;  Overton:  Studien  iiber  die  Narkose,  Jena,  1901,  p.  103. 
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chloroform  is  in  every  respect  that  of  a  substance  forming  positive 
ions  of  high  potential!  It  is  immaterial  whether  the  chlorine  or  the 
methyl  or  methylen  (Nef)  is  the  negative  or  positive  ion.  In  any 
case  it  is  the  positive  ion  which  predominates.  Inasmuch,  however, 
as  the  CHg  ion,  if  formed,  must  be  of  much  lower  solution- tension 
than  hydrogen,  it  is  probable,  I  think,  from  the  law  of  mass  action, 
and  the  relative  solution-tensions  of  chlorine  and  methyl,  that  the 
chlorine  will  be  dissociated  in  part,  at  least,  as  a  positive  ion. 

The  hypothesis  of  the  decomposition  of  chloroform  is  confirmed, 
also,  by  the  action  of  chloroform  on  albumin.  Albumin  is  coagulated 
by  acids,  or  strong  positive  ions.  It  is,  for  example,  coagulated  by 
any  strong  acid,  but  particularly  by  nitric  acid,  which  contains  the 
powerful  positive  NO,  ions.  It  is  precipitated  by  bromine,  chlorine, 
or  iodine  in  statu  nascendi,  that  is,  by  the  positive  halogens.  It  is 
precipitated  by  the  bichromates  and  other  oxidizing  agents  in  acid 
solution.  It  is  also  precipitated  by  chloroform.  If  we  turn  to  other 
organic  haloids,  similar  relationships  are  seen.  Glycerine  does  not 
precipitate  albumin;  monochlorhydrin  precipitates  it  very  little  or 
not  at  all.  It  coagulates  muscle  very  slowly,  and  is  a  very  weak 
anaesthetic.  Dichtor-  and  trichlor-hydrin  precipitate  albumin  readily 
and  are  more  powerful  anaesthetics.' 

The  third  instance  is  ammonium  hydrate.  In  my  opinion,  the 
pharmacological  action  of  this  substance  cannot  possibly  be  referred 
either  to  the  NH»  or  the  OH  ions  its  solutions  contain.  That  the 
NH4  ion  is  not  responsible  for  its  action,  is  shown  by  the  fact  that 
ammonium  chloride  is  not  particularly  poisonous  for  many  forms  of 
protoplasm.  Similarly,  the  few  hydroxyl  ions  present  in  the  hydrate 
solutions  cannot  be  made  responsible  for  its  intense  action.  This 
action  is  extraordinary.  A  very  minute  amount  of  the  vapor  causes 
muscle  to  shorten  quickly,  and  go  into  a  rigor,  accompanied  by  coagu- 
lation. Exactly  the  same  effects  are  produced  by  strong  acids,  and 
the  anaesthetics.  It  is  an  intense  poison  also  for  many  eggs,  i.  c 
Arbacia  (Lyon).  It  is  quite  evident,  I  think,  that  the  pharmaco- 
logicat  action  of  this  compound  is  due  to  compounds  (ions)  present 
in  very  small  numbers,  but  intensely  active.  It  is  not  impossible 
that  there  is  some  hydroxylamine  present,  or  possibly  a  dissociation 
of  NHj  into  NHj  and  H.  Whatever  these  ions  may  be,  the  pharma- 
cological action  is,  I  think,  due  mainly  to  them,  and  not  to  the 
obvious  ions  NH^  and  OH. 

'  Marshall  and  Heath  :  Journal  of  physiology,  1897,  xxii,  p.  3S. 
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There  is  hence  good  reason  for  thinking  that  both  the  nitrites  and 
chloroform,  and  probably  other  drugs  as  well,  do  dissociate  slightly; 
that  their  physiological  action  is,  roughly  at  any  rate,  proportional 
to  their  chemical  activity,  which  is,  in  its  turn,  greatest  in  those  which 
decompose  into  ions  most  easily;  and,  since  the  physiological  effects 
are  identical  with  those  produced  by  ions,  we  may.conclude,  as  has 
already  been  concluded  by  Binz,  that  they  act  by  means  of  these 
dissociation  products,  or,  as  we  now  call  them,  ions. 

Other  examples  might  be  given  to  illustrate  these  general  prin- 
ciples. If  they  are  true,  it  follows  that  the  organic  drugs  owe  their 
action  to  ions  of  very  high  ionic  potential,  generally  present  in  small 
amounts  at  any  one  time,  but  formed  readily  and  formed  in  different 
amounts  under  slightly  different  conditions.  The  chemical  composi- 
tion of  these  ions  is  of  no  importance,  as  has  already  been  stated  in 
my  former  paper;'  it  is  their  ionic  potential,  sign  and  numbers 
which  determine  their  action.  The  instances  cited  will  suffice  to 
show  the  importance  of  these  two  generally  neglected  pharmaco- 
logical principles:  i.e.:  (i)  changes  in  the  kind  of  dissociation  due  to 
changes  in  the  reaction  of  the  tissues;  and  (2)  the  importance  of  ions 
(dissociation  products)  present  in  minute  traces,  but  in  equilibrium 
with  other  ions  and  molecules. 

What  causes  the  dissociation  to  change  in  acid  solutions?  This 
can  only  be  conjectured,  but  I  believe  the  fact  that  it  does  change 
indicates  the  truth  of  the  suggestion  of  Richards^  that  the  atomic 
volume  and  its  correlate  solution-tension  varies  with  the  solution- 
tension  or  power  of  the  oppositely  charged  ion  present.  I  drew  such 
a  conclusion  from  the  physiological  behavior  of  the  salts.  It  may 
be  that  in  the  presence  of  the  very  positive  ion  sodium,  the  iodine  in 
an  iodate  is  more  negative  than  is  usual.  Its  solution-tension  is 
higher.  It  remains  almost  altogether  in  the  anion.  In  the  presence, 
however,  of  the  weak  positive  ion  hydrogen,  the  iodine  is  not  so 
negative;  its  solution-tension  for  the  negative  charge  falls,  and  a 
part  of  the  iodine  actually  takes  a  positive  charge,  so  that,  there  are 
present  a  few  positive  iodine  ions.  While  this  hypothesis  may  be 
altogether  wrong,  the  facts  may  be  interpreted  in  harmony  with  it. 
It  remains  to  be  seen  whether  it  can  be  harmonized  with  the  theory 
developed  by  Nernst  for  concentration  chains. 

'  This  disposes  of  the  objection  raised  against  Biai's  explanation  of  the  chloro- 
form action,  that  many  anaesthetics  contain  no  halogens. 

'  Richards  ;  Zeitschrift  fiir  physikalische  Chemie,  190Z,  xl,  p.  172. 


ibyGooglc 


THE  INFLUENCE  OF  THE  STROMATA  AND  LIQUID  OF 

LAKLD  CORPUSCLES  ON  THE  PRODUCTION  OF 

HEMOLYSINS  AND  AGGLUTININS. 

Bv    G.    N.   STEWART. 
[/■rom  Ihi  Hull  Pk)-M<:giial  Labir,ilory.   Umviriity  of  ChUagB^ 

I  HAVE  previously  shown  '  that  colored  corpuscles  lakcd  in  certain 
luavs  (by  foreign  scrum,  freezing  and  thawing,  heating,  standing 
le  either  under  septic  or  aseptic  conditions)  lose  their 
jin  completely  without  any  marked  increase  taking  place 
ctrical  conductivity  of  the  blood  or  of  a  suspension  of  cor- 
i  salt  solution.  Other  laktng  agents,  like  saponin  (in  more 
;tly  minimal  doses)  and  water,  cause  an  absolute  or  relative 
)f  conductivity,  accompanying  the  exit  of  the  haemoglobin. 
r  increase  in  conductivity  is  caused  by  the  addition  of 
the  second  group  to  the  ghosts  or  shadows  of  corpuscles 
any  one  of  the  first  group.  The  simplest  explanation  of 
:s  is  that  the  haemoglobin  is  discharged  under  the  influence 
agents  of  the  first  group,  without  any  important  escape  of 
es,  while  the  second  group  causes,  in  addition,  and  perhaps 
It  to  the  discharge  of  the  haemoglobin,  such  an  alteration  in 
a  as  leads  to  the  escape  of  electrolytes  as  well.  I  have  been 
ng  in  various  ways  to  throw  light  upon  the  nature  of  the 
I  the  stroma  or  envelope  associated  with  haemolysis.  Here 
ascribed  briefly  some  experiments,  which  t  hope  to  continue, 
ect  of  injection  of  the  stromata  and  of  the  substances  which 
om  the  corpuscles  respectively,  in  haemolysis  caused  by 
iking  agents,  as  regards  the  production  of  specific  agglu- 
1  lysins.  It  seemed  not  impossible  that  quantitative  or  even 
e  differences  might  be  detected  in  this  respect,  depending 

>  STEWART:  Journal  of  physiology,  1899,  xxiv,  p.  zii. 
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on  the  method  of  laking,  and  especially  differences  between  the 
products  of  laking  by  the  two  groups  of  haemolytic  agents  mentioned. 
For  the  escape  of  electrolytes  caused  by  the  second  group  suggests 
that  they  bring  about  a  more  profound  alteration  in  the  stroma  than 
the  first. 

In  connection  with  this  investigation  the  question  was  also  studied, 
whelher  formaldehyde- fixed  corpuscles,  which  have  been  shown  '  to  be 
stiil  susceptible  in  certain  respects  to  the  action  of  some  laking 
agents,  have  any  power  of  causing,  on  injection  into  an  animal,  the 
production  of  specific  bodies  similar  to  those  formed  after  injection 
of  fresh  corpuscles.  Since  saponin,  for  instance,  causes  in  formalde- 
hyde-fixed corpuscles  an  increase  in  conductivity  as  great  as  that 
produced  by  it  in  fresh  corpuscles,  certain  constituents  of  the  cor- 
puscles may  be  supposed  not  to  be  fixed,  or  at  any  rate  not  to  be  fun- 
damentally altered  by  the  formaldehyde;  and  it  was  of  interest  to 
determine  whether,  among  these  the  substances  which  on  injection 
into  an  animal  of  another  species  give  rise  to  the  production  of 
agglutinins  and  hemolysins  (the  agglutininogens  and  hasmolystnogens 
or,  more  briefly,  lysinogens),  might  not  be  included. 

Not  a  great  many  experiments  have  previously  been  made  on  the 
question  whether  the  ghosts  or  the  liberated  contents  of  laked  cor- 
puscles contain  agglutininogens  or  lysinogens,  and,  so  far  as  I  am 
aware,  the  few  which  have  been  made  have  all  been  on  corpuscles 
Uked  by  water,  an  agent  which,  according  to  my  observations,  is 
perhaps,  on  account  of  the  violence  of  its  action,  less  suitable  than 
any  other  for  use  in  observations  concerning  the  normal  distribution 
of  these  substances  in  the  corpuscle.  It  is  also  more  difficult,  in  the 
case  of  mammalian  corpuscles  at  any  rate,  to  obtain  considerable 
quantities  of  ghosts  free  from  haemoglobin  with  water-laking,  than 
when  other  agents  are  used. 

Bordet  ^  states  that  the  injection  of  water-laked  rabbit's  stromata, 
free  from  hasmoglobin,  into  the  peritoneal  cavity  of  a  guinea-pig  caused 
the  production  of  hsemolysin  which  was  specific  for  rabbit's  cor- 
puscles. The  injection  of  the  hasmoglobin  containing  liquid  gave  a 
negative  result. 

V.  Dungern  ^  came  to  the  opposite  conclusion.    He  laked  bird's  cor- 

'  Stkwart  :   Journal  of  physiology,  1901.  xxvi,  p.  470, 

*  60KDET:  Annales  de  I'lnslllul  Pasleur,  1900,  xiv,  p.  257;  quoted  by 
Aschofp:  Zeilschrift  fiir  allgemeine   Physiologie,   1902,  i,  p.   156. 

'  V'oN'  DiTNUERN  :  Miinchener  medicinische  Wochenschrifl,  t£99,  xivi,  p,  449. 
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puscles  by  water,  and  hastened  the  separation  of  the  shadows  by 
shaking  up  with  a  little  ether.  He  then  washed  the  shadows  on 
a  filler  with  ether-containing  water  till  all  the  hasmogtobin  was 
removed.  The  shadows  were  injected  into  the  peritoneal  cavity  of 
one  guinea-pig  and  the  hxmogiobin-containing  liquid  into  another. 
After  ten  or  eleven  days  he  injected  into  the  peritoneal  cavity  of 
each  guinea-pig  some  normal  bird's  corpuscles.  In  neither  case  was 
any  hemolysis  of  the  normal  bird's  corpuscles  produced.  He  there- 
fore asserts  that  the  substance  in  the  corpuscles  which  gives  rise  to 
the  hemolysin  in  the  serum  of  guinea-pigs  injected  with  intact  bird's 
corpuscles,  is  not  contained  in  the  shadows,  nor  is  it  the  hxnioglobin. 
It  is  to  be  noted,  however,  that  this  author  not  only  employed  a  vio- 
lent taking  agent  (water),  but  also  caused  further  changes  in  the 
stromata  by  washing  them  with  ether,  which  is  itself  a  laking  agent, 
and  possesses  the  power  of  dissolving  out  substances  like  cholcsterin 
and  lecithin,  not  only  from  stromata,  but  from  fully  fixed  formaldehyde- 
hardened  corpuscles.  His  results,  therefore,  are  not  calculated  to 
throw  much  light  on  the  normal  distribution  of  the  lysinogenic  sub- 
stance in  the  iniact  corpuscle. 

P.  Nolf '  injected  the  stromata  of  water-laked  chicken's  corpuscles 
intraperitoneally  into  rabbits.  The  stromata  were  washed  with  salt 
solution.  Into  other  rabbits  the  haemoglobin-containing  liquid  was 
injected.  After  a  sufficient  interval  had  elapsed,  he  examined  the 
agglutinating  and  hsemolytic  power  of  the  rabbit's  serum  for  intact 
chicken's  corpuscles.  The  serum  of  the  rabbits  which  had  received 
stromata  caused  strung  agglutination,  but  comparatively  little  hcemol- 
ysis.  The  serum  of  the  rabbits  injected  with  the  liquid  was  strongly 
hsemolytic,  but  had  comparatively  little  agglutinating  power.  He 
concluded  that  the  stroma  constituents  only  give  rise  to  the  produc- 
tion of  agglutinin ;  the  "  cellular  contents,"  only  to  the  production  of 
the  specific  haemolytic  antibody  (intermediary  body  of  Ehrlich), 
This  "diagrammatic"  result,  the  sharpness  and  simplicity  of  which 
are  only  attained  by  assuming  that  the  relatively  feeble  lysinogenic 
action  of  the  shadows,  and  the  relatively  feeble  agglutininogenic 
action  of  the  liquid,  are  due  to  mutual  contamination,  is  perhaps  not 
unconnected  with  this  observer's  "diagrammatic  "  conception  of  the 
structure  of  the  corpuscle,  which  he  looks  upon  as  a  vesicle  contain- 
ing haemoglobin  in  solution.     A  complete  topographic  separation  of 

■  NoLP:  Aunales  de  I'lnstitui  Pasteur,  1900,  xiv,  p.  297. 
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the  active  substances  in  the  corpuscle  will  appear  far  less  likely, 
if  the  stroma  be  regarded  as  a  mass  of  protoplasm  in  whose  meshes 
the  haemoglobin  is  contained,  or  to  some  of  whose  constituents  it  is 
united. 

I  desire  to  avoid  the  term  "cellular  contents,"  which  Nolf  applies 
to  the  constituents  of  the  corpuscle  discharged  in  water-laking,  as  it 
implies  that  the  whole  contents  of  the  corpuscle,  except  the  stroma, 
escape  unaltered,  and  that  the  stroma  contributes  nothing  whatever 
to  the  extruded  liquid.  This  may,  perhaps,  be  the  casein  the  gentler 
kinds  oflaking,  but  is  unlikely  to  be  true  in  water-laking.  1  prefer, 
therefore,  to  speak  of  the  solution  of  ejected  substances  as  the  extra- 
corpuscular  liquid,  or  the  hajmogiobin-containing  liquid,  or,  for  the 
sake  of  brevity,  where  no  ambiguity  can  arise,  simply  as  the  liquid. 

My  experiments  were  all  made  on  guinea-pigs  and  rabbits,  The 
guinea-pigs  were  injected  intraperitoneally  or  subcutaneously  with 
thestromata  and  liquid,  respectively,  of  rabbit's  laked  corpuscles.  In 
one  case  a  guinea-pig  was  treated  with  dog's  blood  which  had  been 
allowed  to  undergo  autolysis  for  three  years.  The  rabbits  were  in- 
jected subcutaneously  with  the  stromata  or  liquid  of  dog's  corpuscles. 
Before  laking,  the  corpuscles  were  thoroughly  washed  with  0.9  per 
cent  salt  solution,  and  after  laking  the  ghosts  were  washed  with  the 
same  liquid.  When  water-laking  was  employed,  the  separation  of 
the  stromata  was  facilitated  by  the  addition  of  a  sufficient  amount 
of  sodium  chloride  in  substance,  or  of  a  9  per  cent  solution  of  it  to 
make  the  strength  of  the  liquid  tn  which  the  ghosts  were  suspended 
appro-timatcly  that  of  a  0.9  per  cent  solution.  The  salt  solutions  used 
for  washing  the  corpuscles  and  ghosts,  and  the  water  used  for  laking. 
were  sterilized  by  boiling.  The  injections  were  made  with  aseptic 
precautions.  Control  experiments  were  done  in  which  unlaked 
washed  rabbit's  corpuscles  were  injected  into  a  guinea-pig.  and  intact 
washed  dog's  corpuscles  into  a  rabbit.  The  sera  obtained  from  these 
animals  furnished  a  standard  with  which  to  compare  the  other  sera, 
as  regards  intensity  of  action.  It  must,  however,  be  remarked  that 
quantitative  results  obtained  in  this  way  can  only  be  approximately 
accurate,  unless  indeed  such  a  large  number  of  experiments  is  per- 
formed as  is  necessary  to  eliminate  the  influence  of  idiosyncrasy. 
Further,  owing  to  the  fact  that  the  injections,  for  various  reasons, 
could  not  all  be  made  at  the  same  time,  nor  the  specimens  of  blood 
be  all  obtained  after  the  same  interval,  control  serum  was  not  always 
available.     Although,  as  is   well   known,  the  most  active  sera   are 
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obtained  after  repeated  injections,  I  purposely  refrained  in  most 
experiments  from  giving  more  than  one,  with  the  idea  that  if,  as  No!f 
supposed,  the  appearance  of  some  agglutinin  after  injection  with 
liquid  and  of  some  lysin  after  injection  with  siromata  is  due  to  mutual 
contamination,  the  secondary  product  might  be  present  in  insig- 
nificant amount.  As  a  consequence,  rather  larger  quantities  than 
usual  of  the  serum  to  be  tested  were  employed.  The  single  injection 
was  usually  large,  and  the  reaction  was  unmistakable.  In  these  ex- 
periments I  thought  it  well  first  to  establish  the  presence  or  absence 
of  a  marked  haemolytic  reaction  without  attempting  to  show  in  each 
case  that  the  ha^molytic  power  was  due  to  a  specific  intermediary 
body.  In  one  animal,  however,  it  was  proved  that  an  intermedi- 
ary body  had  been  produced  (guinea-pig  J  (8)  to  (12)  ).  In  further 
experiments  now  going  on  this  point  will  be  examined  more  closely. 

In  ail,  nineteen  guinea-pigs,  weighing  from  500  to  850  grammes, 
and  five  rabbits,  weighing  from  2  to  3  kilos,  received  injections. 
Of  the  guinea-pigs,  nine  survived,  or  were  allowed  to  live,  only  two 
days  or  less,  as  they  rapidly  developed  toxic  symptoms.  These  will 
be  referred  to  briefly  later  on.  One  guinea-pig  lived  only  five  days. 
The  remaining  nine  and  the  five  rabbits  furnished  the  material  from 
which  the  conclusions  as  to  the  specific  agglutininogenic  and  lysin- 
ogenic  power  of  the  stromata  and  liquid,  respectively,  are  entirely 
drawn.  With  one  exception,  only  the  protocols  of  these  experiments 
are  reproduced. 

Of  the  nine  guinea-pigs  which  survived  indefinitely,  or  at  any  rate 
long  enough  to  provide  suitable  material,  one  (A)  received  the 
stromata  of  rabbit's  corpuscles  laked  by  dog's  serum  ;  one  (B),  heat- 
laked  rabbit's  stromata  with  some  of  the  extra-corpuscular  liquid  ;  one 
(F),  normal  washed  rabbit's  corpuscles  ;  one  (H),  washed  rabbit's 
corpuscles  incompletely  fixed  with  formaldehyde;  one  (1),  the  extra- 
corpuscular  liquid  of  rabbit's  corpuscles  laked  by  alternate  freezing 
and  thawing;  one  (K),  the  washed  stromata  of  th.e  same  corpuscles 
laked  by  freezing  and  thawing;  one  (J),  the  extra-corpuscular  liquid 
of  rabbit's  corpuscles  laked  by  heat ;  one  (J'),  the  washed  stromata 
of  the  same  heat-laked  corpuscles ;  and  one  (O),  the  extra-corpuscular 
liquid  of  rabbit's  corpuscles  laked  by  the  minimal  quantity  of  water 
necessary  for  complete  discharge  of  the  haemoglobin. 

the  five  rabbits,  one  (A)  received  washed  dog's  corpuscles,  fully 
with  formaldehyde ;  one  (B),  the  washed  stromata  of  dog's  COr- 
:s  laked  with  excess  of  water;  one  (C),  the  liquid  from  the  same 
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water-laked  dog's  corpuscles;  one  (D),  normal  washed  dog's  cor- 
puscles ;  and  one  (E),  the  washed  stromata  of  dog's  corpuscles  laked 
by  saponin  (minimal  dose).  The  choice  of  the  material  injected 
into  the  rabbits  was  determined  by  the  desire  to  fill,  as  far  as  pos- 
sible, the  blanks  in  the  series  caused  by  the  rapid  death  of  so  many 
of  the  guinea-pigs.  Rabbit  C  was  seen  to  be  dying  on  the  ninth 
day  after  injection,  and  was  killed.  Rabbit  D  had  also  developed 
serious  symptoms  by  the  fourteenth  day,  and  was  then  killed.  The 
remaining  three  survived  indefinitely. 

The  results  for  the  nine  guinea-pigs  and  five  rabbits  summarized 
in  Table  I  seem  to  justify  the  following  conclusions : 

1.  Both  the  stromata  and  the  haemoglobin-containing  liquid  of 
colored  corpuscles  laked  by  water,  by  freezing  and  thawing,  and  by 
heat,  possess  the  power  of  causing  the  production  of  sera  with  specific 
hemolytic  and  agglutinating  power,  when  injected  into  an  animal  of 
a  different  species.  The  same  is  true  of  the  stromata  of  saponin- 
laked  corpuscles,'  and  of  corpuscles  laked  by  foreign  serum.' 

2.  The  injection  of  the  stromata  of  corpuscles  laked  by  the  milder 
agents  (heat,  freezing  and  thawing,  foreign  serum)  causes  the  pro- 
duction of  sera  whose  agglutinating  power  is  more  marked  than  their 
hsemolytic  power.  The  injection  of  the  stromata  of  corpuscles  laked 
by  a  minimal  dose  of  saponin  has  the  same  effect. 

3.  The  injection  of  the  hasmoglobin-containing  liquid  after  laking 
by  the  milder  agents  (heat,  freezing  and  thawing)  causes  the  pro- 
duction of  sera  whose  hjemolytic  power  is  more  conspicuous  than 
their  agglutinating  power,  when  compared  with  the  sera  produced 
after  injection  of  the  corresponding  stromata. 

4.  The  injection  of  the  stromata  of  water-laked  corpuscles  causes 
the  production  both  of  specific  agglutinin  and  of  specific  hasmolysin. 
The  same  is  true  of  the  hasmoglobin-containing  liquid.  But  the 
scrum  produced  under  the  influence  of  the  stromata  is  weak  in 
agglutinating  power,  and  that  produced  under  the  influence  of  the 
liquid  strong  in  agglutinating  power,  in  comparison  with  the  sera 
produced  under  the  influence  of  the  stromata  and  liquid,  respectively, 
of  corpuscles  laked  by  the  milder  agents.  On  account  of  the  diflfi- 
culty  of  completely  freeing  the  stromata  of  non-nucleated  corpuscles 
from  haemoglobin  after  water-laking,  more  experiments  are  required 
on  this  point,  and  these  are  now  going  on. 

'  The  hxmoglobm-containing  liquid  was  not  tried  in  these  cases,  as  it  might  bt- 
expected  to  produce  direct  toxic  effects. 
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5.  The  injection  of  corpuscles  fully  fixed  by  formaldehyde  causes 
the  production  of  serum  with  specitic  agglutinating  and  hasmolytic 
powers,  but  the  agglutinating  action  is  more  marked  than  the  hsemo- 
lytic-  The  injection  of  corpuscles  partially  fixed  by  formaldehyde, 
but  still  capable  of  being  slowly  laked  by  water,  causes  the  production 
of  a  serum  with  strong  specific  hemolytic,  as  well  as  strong  agglu- 
tinating, power. 

6,  The  lysinogen,  like  the  specific  haemolysin  (intermediary  body) 
to  which  it  gives  rise,  and  unlike  the  complement,  is  relatively  ther- 
mostable, not  being  destroyed  by  the  temperature  of  heat-laking 
(60" -62  ),     The  same  is  true  of  the  agglutininogen. 

The  most  reasonable  assumption  which  will  explain  the  above 
results  is  that  the  corpuscles  contain  agglutininogens  and  lysinogens 
partly  in  the  form  of  a  relatively  firm  combination  in  the  stroma, 
and  partly  in  solution  or  loosely  bound  to  the  stroma.  The  agglu- 
tininogens seem  to  be  in  the  main  firmly  united  with  the  stroma, 
and  the  lysinogens  in  the  main  more  loosely  united,  or  perhaps  in 
part  dissolved  in  the  "cell  contents."  When  the  corpuscles  are 
laked  by  the  milder  agents,  lysinogens  easily  escape  from  them  in 
considerable  amount,  agglutininogens  in  comparatively  small  amount. 
When  the  corpuscles  are  laked  by  water,  which  causes  more  profound 
changes  in  the  stroma,  more  of  the  agglutininogens  may  be  supposed 
to  be  liberated. 

The  fact  that  formaldehyde-hardened  corpuscles,  in  which  the 
ha2moglobin  is  completely  fixed,  give  a  positive  agglutininogenic 
reaction  lends  support  to  the  view  that  the  agglutininogens  are 
largely  in  the  stroma  or  envelope.  Since  the  lysinogenic  power  of 
corpuscles  partially  fixed  by  formaldehyde  is  greater  in  proportion  to 
the  agglutininogenic  power  than  in  fully  fixed  corpuscles,  we  may 
conclude  that  the  lysinogens  are  sooner  and  more  completely  altered 
by  formaldehyde  than  the  agglutininogens.  This  agrees  with  the 
idea  that  the  lysinogens  are  in  a  different  condition  from  the  agglu- 
tininogens. and  perhaps  less  closely  associated  with  the  stroma. 

Nicolie  and  Trenel '  have  expressed  the  view  that  in  bacteria 
the  power  of  being  agglutinated  and  the  power  of  producing  an 
agglutinin  always  reside  together,  every  agglutinable  microbe  being 
capable  of  causing  agglutination,  and  every  non-agglutinable  microbe 
being  incapable  of  causing  agglutination.     Since  formaldehyde-fixed 

'  NiCOLLF,  and  Trf.Kel  :  Annales  de  I'Institut  Pasteur,  1902,  xvi,  p.  562. 
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corpuscles  still  possess  the  power  of  causing  the  production  of  specific 
agglutinins  when  injected  into  animals,  we  might  expect  that  they 
would  still  be  capable  of  being  agglutinated  by  specific  sera.  This  is 
the  case,  as  is  illustrated  in  Tables  II  and  III.  In  the  agglutination 
of  formaldehyde- fixed  corpuscles  by  specific  serum,  while  clumping 
was  very  distinct,  under  the  microscope,  and  the  agglutinated  corpus- 
cles sank  rapidly  to  the  bottom  of  the  test-tube,  the  agglutination 
was  more  easily  broken  up  by  shaking,  than  in  unfixed  corpuscles 
agglutinated  by  the  same  serum  (after  heating  to  60'  to  prevent 
hemolysis).  Aggregation  without  increase  of  viscidity  of  the  corpus- 
cles seemed  to  be  the  characteristic  phenomenon.  This  is  in  favor 
of  the  view  that  the  agglutination  of  normal  corpuscles  is  in  part, 
and  perhaps  essentially,  due  to  a  tendency  to  aggregation  produced 
by  a  change  in  the  colloids  of  the  corpuscle,  not  necessarily  accom- 
panied by  an  increase  in  the  viscidity  of  the  envelope.  That  aggre- 
gation and  the  actual  sticking  together  of  the  corpuscles  are  not 
occasioned  by  the  same  agency  is  perhaps  further  illustrated  by  the 
fact,  previously  pointed  out  by  me,'  that  saponin,  which  in  minimal 
dose  cau'ies  agglutination  of  unfixed  corpuscles  and  their  ghosts,  the 
ghosts  forming  a  mass  at  the  bottom  of  the  tube,  which  can  only  be 
shaken  up  with  difficulty,  produces  on  formaldehyde-fixed  corpuscles 
an  effect  the  opposite  of  agglutination,  the  corpuscles  remaining  sus- 
pended longer,  and  bping  shaken  up  more  easily  than  in  the  absence 
of  saponin.  Now  saponin  certainly  brings  about  some  change  in  the 
envelopes  of  formaldehyde-fixed  torpuscles,  as  is  shown  by  the 
marked  increase  of  conductivity  which  it  causes.  If  this  action  is 
similar  to  that  which  produces  agglutination  in  the  unfixed  corpus- 
cles, the  consummation  of  the  agglutinative  process  may  be  prevented 
by  some  inhibitory  effect  of  the  saponin  on  aggregation  of  the 
corpuscles  after  the  preliminary  changes  in  the  envelope  have  been 
accomplished.  No  change  in  the  conductivity  of  a  suspension  of 
dog's  formaldehyde  corpuscles  was  produced  by  the  agglutinative 
serum  of  Rabbit  D. 

Putting  everything  together,  we  may  pretty  safely  conclude  that 
the  property  of  the  corpuscle  on  which  agglutination  by  specific  sera 
depends,  and  which  is  not  destroyed  by  formaldehyde,  is  a  property 
of  the  envelope  or  stroma,  in  which  also  the  agglutininogenic  power 
of  the  corpuscle  must,  mainly  at  any  rate,  be  supposed  to  reside. 

The  fact  that  formaldehyde-fixed  corpuscles  also  possess  lysinogcnic 
'  Stewart  :  Journal  of  experimental  medicine,  1902,  vi,  p.  259. 


byGoogle 


358  G.  N.  Stewart. 

power  seems  to  indicate  that  the  stroma  contains  lysinogens  which 
are  not  destroyed  by  formaldehyde,  unless,  indeed,  we  suppose  that 
the  precipitated  mctha;moglobin  produced  from  the  hemoglobin  is  still 
lysinogenic.  But,  so  far  as  1  am  aware,  it  has  never  yet  been  demon- 
strated that  even  crystallized  oxy haemoglobin  has  any  lysinogenic 
action.  Much  unaltered  oxy haemoglobin  was  still  present  in  the  au- 
tolysed  blood  injected  ihto  Guinea-pig  G,  yet  the  reaction  was  nega- 
tive as  regards  the  serum  of  the  guinea-pig,  although  the  liquid  from 
the  thoracic  cavity  showed  some  hasmolytic  power.  The  experiment, 
however,  which  was  made  for  the  purpose  of  investigating  the  action 
of  blood  submitted  to  autolysis,  and  not  of  h.-cmoglobin,  is  inconclu- 
sive, as  the  animal  only  lived  five  days. 

It  would  be  interesting  to  determine  the  effect  on  the  agglutinino- 
genic  and  lysinogenic  power  of  formaldehyde-fixed  corpuscles,  of 
acting  on  them  before  injection  with  saponin,  bile  salts,  and  perhaps 
other  laking  agents,  including  biological  hicmolysins,  and  of  extract- 
ing them  with  ether  and  other  solvents.  The  effect  of  other  fixing 
agents  than  formaldehyde,  and  of  temperature  on  the  agglutinino- 
genic  and  lysinogenic  activity  of  corpuscles,  ought  also  to  be  studied. 
The  effect  of  injections  of  the  ghosts  of  corpuscles  laked  by  the  milder 
agents,  and  then  acted  on  by  the  more  violent  ones,  which  cause  them 
to  lose  electrolytes,  might  also  throw  light  upon  the  nature  and  dis- 
tribution of  the  aggluiininogens  and  lysinogens.  It  is  to  be  expected 
that  other  animal  cells  than  red  corpuscles  and  bacteria  may  still 
preserve  some  power  of  causing  the  production  of  agglutinins,  lysins, 
or  antitoxins  after  fixation  with  formaldehyde,  or  perhaps  with  other 
reagents.  The  practical  aspects  of  such  a  possibility  are  not  to  be 
overlooked.  The  investigation  of  the  effects  of  saponin,  ether,  etc. 
on  formaldehyde-fixed  corpuscles,  in  regard  to  their  power  of  being 
agglutinated  by  specific  sera,  might  also  throw  light  on  the  mechan- 
ism of  agglutination.  The  fact  that  the  Widal-Griinbaum  reaction, 
as  Ficker  has  shown,'  succeeds  with  typhoid  bacilli  after  they  have 
been  acted  on  by  a  preservative  liquid,  is  suggestive,  as  it  is  a 
phenomenon  analogous  to  the  agglutination  of  formaldehyde-fixed  red 
corpuscles  by  specific  serum,  Ficker  has  refrained  from  publishing 
his  process,  so  far  as  I  am  aware.  It  would  be  interesting  to  see 
whether  formaldehyde  would  not  be  a  suitable  "  preservative." 

'  Ficker:  Berliner  klinische  Wochenschrift,  1903,  xl,  p,  loai.  See  also 
JtEVER:  Ibid..    Feb.,    1904;    and    Raiizikowski  :    Wiener  klinische   Wochen- 

sciirift,  1904,  p.  z^(i. 
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One  or  two  incidental  observations  are  perhaps  worthy  of  notice. 
In  water-laking  of  blood  or  washed  corpuscles,  as  Nolf  has  pointed 
out,  the  last  trace  of  haemoglobin  is  not  very  readily  removed  by  wash- 
ing from  the  ghosts  of  chicken's  corpuscles.  1  have  observed  that 
this  is  the  case  in  dog's  corpuscles  even  when  a  very  considerable 
excess  of  water  is  employed  in  lalcing,  e.g.,  twenty  volumes  of 
water  to  one  volume  of  blood.  If  the  ghosts  are  separated  by 
cenlrifugalizing  after  the  addition  of  sodium  chloride  in  substance, 
or  in  strong  solution  till  'the  strength  of  the  mixture  is  about  that  of 
a  0.9  per  cent  sodium  chloride  solution,  the  ghosts  form  a  markedly 
red  sediment.  If  the  hasmoglobin-containing  liquid  be  removed,  and 
excess  of  water  again  added  to  the  ghosts,  they  lose  some  more  of 
their  haemoglobin,  but  only  with  difficulty,  and  even  after  several 
washings,  the  addition  of  sodium  chloride  being  employed  in  each 
case  to  hasten  their  separation,  they  still  contain  some  blood-pigment. 
Two  possible  explanations  suggest  themselves,  (i)  The  swollen 
ghosts  may  be  simply  filled  with  a  solution  of  hxmoglobin  of  the  same 
strength  as  the  extra-corpuscular  liquid,  the  haemoglobin  passing 
freely  through  the  distended  envelope  in  both  directions,  although 
obviously  in  regard  to  sodium  chloride  the  envelope  must  act  as  a 
semi- perm  cable  membrane,  else  the  ghosts  would  not  shrink  on  addi- 
tion of  that  substance.  If  now  when  the  ghosts  shrink  ihe  haemo- 
globin in  solution  in  their  interior  is  unable  to  pass  out  through  the 
envelope,  they  will,  of  course,  be  more  deeply  tinged  ihan  the  extra- 
corpuscular  liquid.  (2)  The  other  and  more  likely  explanation  is  that 
the  stroma,  while  readily  parting  with  the  main  portion  of  the  hccmo- 
globin,  retains  a  residue,  which  is  either  in  firmer  combination  with  it 
lhan  the  rest, —  in  some  such  condition,  for  example,  as  the  basmoglobin 
of  striped  muscular  fibres,  or  is  perhaps  mechanically  entangled  in  it 
by  the  precipitation  of  globulins  by  the  water.  To  determine  whether 
stromata,  once  completely  deprived  of  hjemoglobin,  would  take  it  up 
from  solution,  and  retain  it  when  caused  to  shrink,  blood-corpuscles 
were  laked  with  water,  and  washed  repeatedly  till  free  from  hcemo- 
globin.  They  were  then  added  to  the  haemoglobin-containing  liquid 
of  water-laked  blood  or  washed  corpuscles  after  removal  of  the  ghosts. 
The  mixture  was  allowed  to  stand  over  night,  and  the  stromata  were 
then  separated  by  the  centrifuge  after  addition  of  sodium  chloride. 
They  did  not  appear  to  contain  any  hemoglobin. 

Another  experiment  was  made  in  the  following  way.  Dog's  blood 
'  Nolf  :  Loc.  cit. 
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was  laked  by  water.  The  siromata  was  separated  as  well  as  possible 
by  ccntrifugalization,  without  the  addition  of  sodium  chloride.  The 
supernatant  liquid  was  pipetted  <M.  It  still  conrained  ghosts,  but  not 
so  many  as  the  bottom  of  the  tubes.  To  a  given  volume  of  the 
supernatant  liquid,  a  known  amount  of  sodium  chloride  solution  was 
added,  and  the  mixture  was  labelled  A.  To  the  suspension  of  stro- 
mata  from  the  bottom  of  the  tubes  sodium  chloride  solution  was 
added  in  the  same  proportion,  and  the  mixture  labelled  B-  A 
and  B  were  now  centrifugalized.  The  supernatant  liquids  of  A  and  B 
contained  the  same  proportion  of  haemoglobin,  as  estimated  colorimet- 
rically.  Now  if  the  ghosts  in  shrinking  had  retained  all  the 
haemoglobin  in  solution  in  them  while  the  water  passed  out,  the 
supernatant  liquid  of  B  ought  to  have  been  weaker  as  regards  hemo- 
globin than  that  of  A,  since  the  ghosts  in  B  made  up  a  greater  part 
of  the  total  volume  of  the  suspension  than  the  ghosts  in  A.  The 
hemoglobin  in  ordinary  solution  in  the  ghosts  must  therefore  have 
passed  out  of  them,  as  they  shrank,  in  the  same  proportion  as  the 
water.  The  stromata  after  separation  from  A  and  B  were  distinctly 
red.  which  can  only  be  explained  in  accordance  with  (2). 

It  is  much  morediflicuU  to  completely  free  dog's  water-laked  ghosts 
from  haemoglobin  by  repeated  washings  with  salt  solution,  than  it  is 
to  free  chicken's  ghosts,  because,  possibly  on  account  of  their  being 
ballasted  by  the  nuclei,  the  chicken's  ghosts  can  be  quantitatively 
recovered  after  each  washing.  In  the  case  of  the  dog's  ghosts,  there 
is  always  great  loss. 

The  protective  influence  of  the  serum  of  a  given  kind  of  blood  on 
its  own  corpuscles,  against  the  action  of  a  specific  hemolytic  serum, 
has  often  been  observed  in  the  course  of  this  work,  for  instance  in 
Rabbit  A,  Experiments  (3)  and  (4),  March  15,  in  Rabbit  C,  (3)  and 
(S).  inGuinea-pigK.  (i)and(2),  (7)and(ii>. 

The  fact  that  the  serum  of  the  foetus  need  not  share  in  the  specific 
hemolytic  and  agglutinating  properties  of  the  serum  of  the  mother 
is  well  illustrated  in  Guinea-pig  K,  Experiments  (8),  (9),  and  (10). 
While  the  serum  of  the  mother,  which  had  been  injected  with  the 
stromata  of  rabbit's  corpuscles  takcd  by  freezing  and  thawing,  caused 
taking  and  good  agglutination  in  rabbit's  corpuscles,  the  serum  of 
the  embryos  had  no  such  effect.  The  amniotic  and  allantoic  liquids 
were  likewise  without  action  (K.  (4).  (5"),  (12),  and  (13)  ). 

The  foetal  blood-corpuscles  in  this  case  were  scarcely  laked  by 
rabbit's  serum,  while  the  maternal  corpuscles  were  rapidly  laked. 
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In  one  instance  (Rabbit  C,  (8)  )  heating  to  60°  abolished  the 
agglutinative  action  of  a  specific  serum  for  dog's  corpuscles,  in  the 
presence  of  dog's  serum,  but  not  for  washed  dog's  corpuscles.  The 
specific  serum  was  obtained  from  a  rabbit  which  had  received  an 
injection  of  the  haemoglobin-containing  liquid  of  dog's  water-laked 
corpuscles. 

It  was  observed  that  the  serum  from  two  guinea-pigs,  which,  so 
far  as  was  known,  were  normal  and  had  not  received  injections  of 
foreign  blood,  caused  laking  and  agglutination  of  normal  rabbit's 
washed  corpuscles  (B,  (3),  (4),  (12),  (13)  ),  although  the  action  was 
less  marked  than  in  the  case  of  the  artificially  produced  specific  serum. 
The  serum  of  the  normal  guinea-pigs  did  not  lake  or  agglutinate 
normal  rabbit's  corpuscles  in  the  presence  of  rabbit's  serum. 

The  attempt  was  made  to  determine  whether  and  when,  in  aseptic^ 
autolysis  of  blood,  the  agglutininogen  and  lysinogen  are  so  altered  as 
to  lose  their  activity  {Guinea-pig  G).  Dog's  blood  which  had  been 
kept  for  nearly  three  years  in  sealed  tubes  was  injected  into  a  guinea- 
pig.  Unfortunately  the  animal  only  survived  five  days.  As  the 
blood  had  clotted  in  the  vessels,  only  a  little  blood-serum  con- 
siderably diluted  with  salt  solution,  could  be  obtained,  and  this  gave 
a  negative  result  with  dog's  corpuscles.  Some  liquid  which  was 
removed  from  the  thoracic  cavity  of  the  guinea-pig,  and  which  was 
mixed  with  blood,  gave  a  positive  ha^molytic  reaction  with  dog's  cor- 
puscles. So  that,  although  it  would  be  unjustifiable  to  draw  conclu- 
sions from  such  an  experiment,  the  possibility  may  be  admitted,  that 
even  after  that  long  interval  the  lysinogenic  substance  had  not  been 
destroyed.  If  haemoglobin  has  lysinogenic  powers,  this  would  receive 
an  easy  explanation.  As  soon  as  material  has  been  prepared,  I  hope 
to  repeat  this  experiment,  and  to  extend  it  so  as  to  embrace  an 
examination  of  the  effect  of  autolysis  of  blood  or  blood-serum  on  the 
production  of  precipitins. 

A  few  words  may  be  said  about  the  guinea-pigs  which  died  or  were 
killed,  two  days  or  less  after  injection.  Of  these  one  (C)  received 
the  washed  corpuscles  of  5.5  c.c.  of  rabbit's  blood;  one  (D),  the 
stromata  of  6  c.c.  of  the  same  rabbit's  blood,  laked  by  freezing  and 
thawing,  with  a  small  amount  of  the  haemoglobin-containing  liquid. 
The  injection  in  D  was  intraperitoneal.  In  less  than  forty-eight  hours 
the  guinea-pig  was  dead.  Under  the  skin  there  was  much  oedema 
liquid  containing  haemoglobin,  and  having  a  fairly  strong  haemolytic 
action  on  washed  rabbit's  corpuscles,  and  also  on  the  blood  of  Gutnea- 
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pig  E.  The  diluted  blood-serum  of  D,  obtained  by  rubbing  up  clot 
from  the  heart  in  sodium  chloride  solution,  had  also  a  fair  taking  action 
on  rabbit's  corpuscles.  Aguinea-pig(E),  which  received  the  washed 
stromata  of  rabbit's  washed  corpuscles  (corresponding  to  5  c.c.  of 
blood),  laked  by  heating  to  55°,  and  then  to  61°,  and  a  further  injection 
on  the  following  day,  corresponding  to  3  c.c.  of  rabbit's  blood,  died  in 
less  than  forty-eight  hours  from  the  first  injection.  There  was  some 
oedema  liquid,  not  containing  haemoglobin,  under  the  skin  ;  also  some 
liquid  in  the  peritoneal  cavity.  The  peritoneal  liquid,  when  added  to 
washed  rabbit's  corpuscles,  and  put  at  30°  C,  clotted  to  a  firm  jelly, 
and  caused  considerable  laking  of  the  corpuscles.  The  blood-serum, 
diluted  with  sodium  chloride  solution,  was  not  lytic  for  rabbit's 
corpuscles. 

A  small  guinea-pig  (Fi')  received  intra  peri  toneally  the  mixed  ghosts 
and  extracorpuscular  liquid  of  a  suspension  of  washed  rabbit's  cor- 
puscles (corresponding  to  5  c.c.  of  blood),  laked  by  a  trace  of  saponin 
in  substance  so  small  that  it  only  caused  complete  laking  in  fifteen 
minutes  at  40°.  In  a  little  more  than  twenty-four  hours  it  was  dead. 
There  was  much  red  liquid  under  the  skin  of  the  abdomen.  The 
muscles  in  this  region  had  a  sodden  and  semi-digested  appearance. 
The  liquid  caused  good  laking  of  dog's  and  rabbit's  washed  corpuscles, 
which  was  abolished  by  heating  it  to  59°  for  fifteen  minutes.  The 
dilute  blood-serum  obtained  by  rubbing  up  the  partially  clotted  blood 
in  the  heart  with  sodium  chloride  solution  caused  no  haemolysis  either 
of  rabbit's  or  dog's  corpuscles. 

A  guinea-pig  (L)  received  intraperitoneally  the  washed  ghosts  of 
rabbit's  washed  corpuscles  (corresponding  to  10  c.c.  of  blood),  laked 
by  a  small  dose  of  saponin  in  substance.  There  was  a  very  large 
sediment  of  ghosts,  forming  a  coherent  mass  at  the  bottom  of  the 
centrifuge  tube.  In  thirty-six  hours  L  was  dead.  The  peritoneal 
cavity  contained  a  slimy  reddish  liquid  with  numerous  cocci,  many 
leucocytes,  and  some  red  corpuscles.  On  cenlrifugalization,  a  liquid 
practically  free  from  haemoglobin  was  obtained.  Dilute  blood-scrum 
was  got  by  rubbing  up  clot  from  the  heart  with  sodium  chloride  solu- 
tion. The  diluted  blood-serum  caused  some  laking  of  rabbit's  washed 
corpuscles,  and  still  more  of  dog's  washed  corpuscles.  The  peritoneal 
liquid  caused  considerable  laking  of  rabbit's  corpuscles,  but  not  of 
dog's.  The  haemolytic  action  both  of  the  serum  and  the  peritoneal 
liquid  was  abolished  by  heating  to  59°.  The  muscles  of  the  abdominal 
wall  next  the  parietal  peritoneum  were  altered  microscopically  and 
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macroscopically,  as  in  H',  although  the  changes  were  not  so  marked. 
The  majority  of  the  fibres  showed  nocross-striation.  The  muscles  o£ 
the  thigh  were  normal. 

Two  guinea-pigs  (M  and  N)  received,  intraperitoneally  and  sub- 
cutaneously  respectively,  washed  rabbit's  formaldehyde  corpuscles, 
corresponding  to  5  c.c.  of  blood  fully  fixed.  M  was  dead  in  less  ihan 
forty-eight  hours.  Its  peritoneal  cavity  contained  a  good  deal  of  a 
glairy  fluid  full  of  leucocytes.  No  formol-fixed  corpuscles  could  be 
seen.  The  blood-serum  had  no  haemolytic  action  on  rabbit's  corpus- 
cles, N  was  dying,  and  was  killed  exactly  twenty-four  hours  after 
the  injection.  The  blood-serum  had  some  haemolytic  action  on 
washed  rabbit's  corpuscles,  and  this  was  abolished  by  heating  it  to  58°. 
A  considerable  amount  of  liquid  was  found  under  the  skin,  with  a 
foul  odor  and  containing  numerous  bacilli.  No  trace  of  formaldehyde- 
fixed  corpuscles  could  be  seen.  Many  bits  of  muscular  fibres,  in 
which  the  stripes  had  sometimes  disappeared,  were  found  in  the  sub- 
cutaneous liquid.  A  kind  of  rapid  digestion  of  the  subcutaneous 
tissues  seemed  to  have  occurred. 

Into  Guinea-pig  P  was  injected  subcutaneously  about  1.5  c.c.  of  a 
sediment  of  ghosts  obtained  by  laking  rabbit's  washed  corpuscles 
with  sterile  water,  and  then  washing  with  sterile  sodium  chloride 
solution.  In  forty-two  hours  it  was  dead.  There  was  marked 
subcutaneous  cedema,  the  muscles  of  the  abdominal  wall  being  sodden, 
dissected-looking,  and  hemorrhagic.  The  liquid  had  a  foul  odqr. 
The  animal  contained  two  well-developed  embryos.  The  amniotic 
fluid  had  no  haemolytic  action  on  rabbit's  corpuscles  suspended  in 
rabbit's  serum. 

Into  another  guinea-pig  (Q),  the  washed  water-laked  ghosts  corre- 
sponding to  s  c.c.  of  rabbit's  blood  were  injected  subcutaneously. 
Next  day  the  animal  was  evidently  ill.  Forty  hours  after  the  injec- 
tion, it  was  dying,  and  blood  was  obtained  from  it.  There  was  exten- 
sive subcutaneous  oedema,  the  liquid  being  somewhat  turbid  and 
containing  haemoglobin.  The  muscles  of  the  abdominal  wall  had 
the  same  sodden  appearance  previously  noted,  and  the  microscopic 
appearances  were  also  similar.  The  putrid  odor  of  the  liquid  was 
evident,  although  not  so  marked  as  on  previous  occasions,  when  the 
autopsy  was  made  some  time  after  death.  The  blood-serum,  and 
especially  the  oedema  liquid,  caused  good  laking  of  washed  rabbit's 
corpuscles  (abolished  by  heating  to  60°).  Marked  agglutination, 
not  affected  by  heating  to  60°  was  also  caused,  particularly  by  the 


ibyGooglc 


264  G.  N.  Stewart. 

oedema  liquid,  in  which  the  agglutinated  corpuscles  seemed  to  carry 
down  the  turbidity  and  hxmoglobin. 

It  does  not  seem  possible  to  attribute  all  these  deaths  to  faulty 
technique  in  the  slight  operation  of  injection,  particularly  as  in  every 
case  the  rapidly  fatal  result  followed  the  injection  of  stromata  or 
entire  corpuscles ;  while  animals  which  received  hsemoglobin-contain- 
ing  liquid,  injected  in  the  same  way,  survived,  although  the  risk  of 
accidental  infection  would  certainly  not  be  less.  The  post-mortem' 
appearances  showed  considerable  similarity,  and  seem  to  suggest  that 
substances  toxic  for  guinea-pigs  may  be  produced  in  the  stroma  of 
the  rabbit's  corpuscle  by  certain  laking  agents.  If  this  is  the  case, 
one  of  the  effects  of  such  toxic  substances  may  be  to  reduce  the 
defensive  power  of  the  tissues  against  bacterial  invasion.  In  the 
case  of  the  formaldehyde-fixed  corpuscles,  it  is  possible  that  formalde- 
hyde, liberated  from  its  combination  with  the  stroma  or  blood-pig- 
ment, may  have  some  such  effect,  since  it  has  been  shown  by 
Guthrie'  to  restrain  the  action  of  haemolysins.  Where  saponin- 
laked  ghosts  were  injected,  the  direct  toxic  influence  of  the  saponin 
has,  of  course,  to  be  taken  into  account. 


Conclusions. 

1.  The  stromata  and  hecmoglobin-containing  liquid  of  colored  cor- 
puscles, iaked  by  various  agents  (for  details,  see  summary,  p.  255), 
cause,  when  injected  into  animals  of  a  different  species,  the  produc- 
tion of  specific  agglutinating  and  hsemolytic  substances.  In  general, 
the  agglutinating  effect  is  most  marked  after  the  injection.of  stromata, 
and  the  hsemolytic  effect  after  the  injection  of  liquid.  But  the  results 
do  not  warrant  ihe  conclusion  that  in  the  intact  corpuscle  the  agglu- 
tininogen  (the  substance  which  causes  the  production  of  agglutinin) 
is  all  in  the  stroma  and  the  hasmolysinogen  (the  substance  which 
causes  the  production  of  hsemolysin),  all  in  the  "cellular  contents" 
(in  Nolf's  sense). 

2.  Corpuscles  fully  fixed  by  formaldehyde  cause,  on  injection,  the 
production  of  specific  agglutinins,  and,  to  a  smaller  extent,  of  specific 
hsemolysins. 

3.  Corpuscles  fully  fixed  by  formaldehyde  are  capable  of  being 
agglutinated  by  specific  sera. 

'  Guthrie:  This  journal,  1903,  ix,  p.  187. 
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Malecial  injected. 

Animal. 

AEg!u.ina.ion. 

Laking. 

Siiponiii-Uked  ghosts 

Rabbit  E 

Very  strong 

Fair  (less  than  in  Rabbit  H) 

Inlacl  corpuscles 

Rabbit  D 

Very  strong   (both  fof 

Strong  for  serum,  stronger 

serum  and  peritoneal 

than  in  Rabbit  A  (liule  for 

fluid) 

peritoneal  fluid) 

Intacl  coipuscles 

G.-p,  F 

Good 

Strong 

Ghosts  lakcdby  freez- 

G.-p. K 

Good 

Fair 

ing  »id  1  hawing 

Liquid  after  laking  by 

G.-P-  I 

Good 

Fair 

freeiing  and  thawing 

Heai-laked  ghosu 

G.-p.  •  J 

Good  (fair  agglutination 

Fair   (still  fair  laking  after 

after  72  days) 

72  days) 

Heat-laked  liquid 

G.-p-  J 

Good  (some  agelutina- 
lion  after  72  days) 

Strong  (still  fair  taking  after 
72  lays) 

Heat-luked  ghoils 

G-p.  B 

Good 

Good 

(with  same  liquid) 

Ghosts  laked  by  foi- 

G.-p.  A 

'■ 

Fair  (but  less  than  in  G.-p.  B) 

eigii  serum 

Water-laked  ghosts 

Rabbit  B 

Fair 

Fair  (better  than  in  rabbit 

(eicess  ol  water) 

E{  about  the  ^ame  as  in 
Rabbit  A) 

Liquid    from    water- 

Rabbit  C 

Good 

Weak  (not  abolished  by  heal- 

laked ghosts  (laked 

ing  to  60- C) 

with  excess  of  water) 

G.-p.  0 

Good 

Fair 

laked  ghosts  (laked 

Formaldehyde  cor- 

Rabbit  A 

Good 

Fair  (about  the  same  as  in 

puiclea  (fully  fixed) 

Rabbit  B) 

Formaldehyde  cor- 

G.-p. H 

Good 

Strong 

puscles  limperfeclly 

fixed) 

Approximate  arrangement  of  the  rabbit's  sera,  as  regards  agglutinating  and  hemolytic 

power. 

Agglulination.  —  E  (saponin-laked  ghosts),  D  (intact  corpuscles),  C  (liquid  from 

water-laked  corpuscles).  A  (formaldehyde  fixed  corpusvlea),  B  (waler-laked  ghosts). 

water-laked  ghosts),  E  (saponin  ghosts),  C  ihquid   from  water-laked).     Perhaps 

C  did  not  live  long  enough   to  develop  haeniolysin,  although  long  enough   for 

agglutinin. 

'  Observations  on  agglulination  are  missing  in  the  notes  on  ihb  serum. 

byGoogle 


G.  N.  Slewarl. 


March  16.  —  Washed  dog's  formaldehyde- fixed  corpuscles  niany  limes  wilh 
KaCl  solution.  The  dog's  blood  was  obtained  on  February  15,  The 
corpuscles  were  then  washed  and  to  a  suspension  of  them  in  NaCl  solu- 
tion, containing  about  as  many  corpuscles  as  the  same  volume  of  blood, 
an  equal  volume  of  a  3  per  cent  solulion  of  formaldehyde  in  NaC!  solu- 
tion was  added.  The  corpuscles  were  fully  fixed,  and  the  a<ldition  of 
excess  of  water  caused  no  escape  of  blood-pigment  in  several  hours. 
Made  a  s  per  cent  suspension  of  the  fixed  corpuscles  in  NaCI  solution  (F). 
Also  made  a  5  per  cent  suspension  of  rabbit's  form  aldehyde -fixed  cor- 
puscles (F'),  obtained  on  February  g  and  fixed  in  the  same  way  as  the 
dog's.  Tested  the  agglutinating  power  of  the  scrum  of  rabbits  A,  B,  I). 
and  E,  of  the  serum  from  the  clotted  peritoneal  fluid  of  D,  and  of  normal 
dog's  and  rabbit's  serum  on  the  formaldehyde- fixed  corpuscles.  In  every 
case  0.5  c.c.  of  F  or  F'  was  used. 

1.  0.2  CE,  A  «rum  +  F.  ( '^'"=  ':°rp'"<;l"  ""l"  '<>  'he  bottom   much 

2.  a2c.c.Aserum(hMled  to60^)-hF.     i      more  qu,ckly  Ihai,  in  3.       In  few  mi„ule> 

(      at  40=  completely  Bunlt. 

3.  0  2  c.c.  NaCl  solution  +  F.     The  corpuscles  remain  long  suspendeil. 

4.  0.3  c,c.  D  serum  -I-  F.      Rapid  agglutinalion  or  precipilalion  al  40°. 

5.  0.3  c.c.  A  serum  +  ¥.     Rapid  agglulination  01  precipitation,  though  not  so    rapid 

nor  so  marked  as  in  4  or  S. 

6.  0.3  c.c.  NaCl  solution  +  F.        l  No  agglulination  or  precipitation  at  40°,  the  cor- 

7.  0.3  c.c.  dog's  serum  +  F.  I      puscles  rem.iining  long  suspended, 

8.  03  c.c.  peritoneal  from  U  +  F,     Marked  agglutination. 
0.3  C.C.  U  setum  +  F',  1 

10.  0.3  c.c.  A  serum  +  V.  |      No  agglulination  al  40°  in  1  hour. 

11.  0.3  C.C.  NaCl  solulion  4-  F'.     ) 

In  the  above  experiments  the  agglutination  can  be  seen  with  the  naked 
eye,  and  under  the  microscope  the  agglutinated  specimens  show  numerous 
small  groups  of  corpuscles.  The  agglulination  is  nol  difficult  to  break  up 
by  shaking,  but  under  the  microscope  the  clumps  can  be  seen  to  rapidly 
form  again.  The  ajjpearances  are  quite  different  where  salt  solulion  or 
non-specific  sera  are  added  lo  the  formol-fixed  corpuscles.  It  is  to  be 
noted  that  the  blood-serum  and  the  serum  from  the  coagulated  peritoneal 
fluid  of  Rabbit  D,  which  have  a  stronger  agglutinative  action  than  the 
blood-serum  of  Rabbit  A  on  dog's  fresh  corpuscles,  ha\-e  likewise  a  stronger 
agglutinative  action  on  dog's  formol-fixed  corpuscles.  No  laking  of  the 
formol-fixed  corpuscles  was  produced  during  the  period  of  observation. 
But  after  standing  at  room  lemperature  for  10  days  there  is  laking  in  all 
the  test-tubes,  including  the  NaCl  control  test-tubes,  the  me  I  haemoglobin 
spectrum  being  changed  into  tliat  of  oxyhasmoglobin. 
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TABLE  III, 
Murtfi  17. —  10  A.  M.  :  Removed  salt  solution  from  the  suspensions  of  dog's 
and  rabbit's  formol-fixed  corpuscles  (F  and  J")  used  in  experiment  of 
March  16,  making  the  concentration  about  10  per  cent  in  each  case.  In 
the  following  observations  used  always  0.5  c.c.  of  F  or  F'.  Tested  serum 
of  rabbits  A.  B,  D  and  E,  and  peritoneal  fluid  of  D. 

1.  0.3  c.c.  A  serum  +  0.2  c.c.  dog's  serum  +  F.     Marked  agglulinilion  or  precipitation 

in  5  minutes  at  room  temperature.  Kepi  1  hour  ar  40°.  and  then  all  nif;hl 
at  room  temperature.  Shook  up.  The  corpuscles  sink  more  capidly  than 
in  (2). 

2.  0.3  c.c.  A  serum  +  0.2  c.c.  NaCl  solution  +  F.     Marked  agglutination  or  precipita- 

tion in  ^  minutes  at  room  temperature.  Kept  1  hour  at  40°.  then  all  night 
ai  room  lemperalure. 

3.  a3c.c.  D  serum  +  0.2  c.c.  dog's  scrum  +  F.     Same  aa  (1),  but  the  agglutination 

4     0.3  c.c.  D  serum  +  0.2  c.c.  NaCI  solution  +  F.    Same  as  (1).  but  the  agglutination 
is  more  marked. 

5.  0.3  c.c.  D  serum  -)-  i".     No  agglutination  or  precipitation  in  5  minutes  al  40°.     1 

hour  at  40°,  all  night  at  room  temperature.  Shook  up.  Settles  far  more 
slowly  than  (3)  or  (4). 

6.  O.IS  c.c.  D  peritoneal  (healed  to  58°]  +  F.     Marked   agglutination  at  room  tem- 

perature in  7  minutes. 
March  18 : 

7.  0.3  C.C.  B  serum  +  F.    No  agglutination  in  5  minutes  at  40°.     C.ood  agglutination 

in  15  minutes  at  40°. 

8.  OJ  c.c,  E  serum  +  F,     Marked  agglutination  in  5  minutes,  even  at  room  temperature. 

9.  03  C.C.  NaCl  solution  +  F,     No  agglutination  in  30  minutes  at  40^, 

10.  0.3  c.c.  E  serum  +  F'.    The  corpuscles  settle  somewhat  more  quickly  than  in  (9), 

but  (ar  more  slowly  than  in  (7)  or  (8). 

11.  0.2  c.c.  dog's  serum  (obtained  yesterday)  +  F'.    The  precipitation  is  more  marked 

in  20  minutes  al  40°  than  in  any  of  the  tubes  (12)  to  (14), 

12.  0.2  c.c.  normal  rabbit's  serum  +  F'.     No  agglutination  or  precipitation  in  20  minutes 

a<  40°.     No  agglutination  in  12  hours  al  room  temperature. 
1.1.    02  c.c.  normal  rabbit's  serum  +  F.     Same  result  as  (12), 

14.  02  C.C,  NaCl  solution  +  F.     Same  as  in  (12)  and  (13). 

March  19  : 

15.  0.3  c,c.   E  serum  (heated  to  60°)  4-  F.     Marked  agglutination  in  3  or  4  minutes  at 

16.  03  C.C.  NaCl  solution  4- F.     No  agglutination. 

17-    0  1.'  c.c.  U  peritoneal  (heated  lo  fHf)  +  F.     Marked  agglutination  in  7  minutea  at 

room  temperature. 
IB.    0.1.^  C.C.  A  serom  (heated  to  60°)  +  F.     Good  agglutination  in  7  minutes,  but  not 

so  much  as  (17). 
19.    0.3  c.c,  B  serum  (heated  to  60°)  4-  F.     Rapid  and  complete  precipitation  at  room  tem- 

lUbblt  A.  —  3  kilos.  J-ei.  14- — 5  p.m.:  Injected  subcutaneously  dog's 
formaldehyde-fixed  corpuscles  {after  thorough  washing  with  NaCl  solution) 
equivalent  to  lo  c.c.  of  blood.  The  corpuscles  were  obtained  by  washing 
fresh  dog's  blood  on  February  9.     To  the  washed  corpuscles  of  60  c.c.  of 
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blood  60  c.c.  of  a  3  per  cent  saUition  of  formaldehyde  in  0.9  per  cent 
NaCl  solution  was  added.  The  corpuscles  were  completely  fixed.  A 
little  hxmoglobin  had  escaped  during  fixation,  as  is  always  the  case,  but 
none  is  removed  by  washing,  and  the  corpuscles  arc  not  laked  by  distilled 
water  even  in  several  hours. 

Feb.  2n.  -  4  P.  M.  r  Injected  subcutaneously  a  further  quantity  of  the 
same  washed  formaldehyde  corpuscles  corresponding  to  15  c.c.  of  dog's 
blood. 

March  15.  —  3  p.  M. :  I^rcw  some  blood  from  carotid  of  A,  and  sewed 
up  wound.  Obtained  serum  from  the  blood,  and  tested  it  on  a  suspension 
of  dog's  washed  corpuscles  (S)  containing  5  per  cent  of  corpuscles,  and  a 
dilution  of  dog's  defibrinated  blood  with  NaCI  solution  (S')  containing 
to  per  cent  of  blood.  0.5  c.c.  of  S  or  S'  was  always  used.  The  measure- 
ments of  the  liquids  were  made  in  long  capillary  pipettes,  the  same  pipettes 
being  always  employed.     The  liquids  were  put  into  very  small  test-tubes, 

1.  01  c.e.  A  serum  +   S.     Good  iggluiiniiii 

minutes  al  W.  somewhat   inci 
but  farlesi  than  in  (Z)  01  (4). 

2.  0.2  c.c.  A  serum  +  S.     Good  agglutination  in  few  minutes.     Good  lalting   in  30 

minutes  at  40°,  complete  after  16  houn  at  room  temperature. 

3.  0.1  c.c.  A  serum  +  S'.      Good  agglutination    in  few  minutes.      No  liking  in   30 

minutes  at  40°.  Very  slight  laking  in  16  hours  at  room  temperature. 
I..eii  than  in  (I ). 

4.  02  c.c.  A  serum  +  S'.     Good   agglutination  in  few  minutes.      Slight  Uking  in  30 

minutes  at  40°,  increased  after  16  hours  at  room  tempelAture,  but  much 
less  than  in  (2). 
March  16.  —  2  P.M.  : 

1.  0.1  C.C.  A  serum  +  S.    Some  laking  in  1)  hours  at  40°. 

2.  0.2  C.C.  A  serum  +  S,     Complete  laking  in  40  minutes 

ai  •iv-  I  Qq^  aefflut 

3.  0.1  C.C.  A  scrum  (healed   to   60°  (or  15  minutes)  +  S,  ]■  " 

No  laking  in  2  hours  at  40°. 

4.  02  c.c.  A  serum   (heated  to  60°  for   1.^  minutes)  -t 

No  taking  in  2  hours  at  40°. 
Marchie.  —  Se.  m.  : 

5.  0  2  C.c.  A  serum  (heated  to  60°)   +  0.1  c.c.  dog's  serum  4-  S.     Some  agglutination 

in  5  minutes  ai  40°,  but  much  less  than  in  (12)  and  (13).  Rabbit  D. 
Nearly  complete  and  good  agglutination  in  l.S  minutes  at  40°.  Corpuscles 
are  comparatively  easily  shaken  up.     No  laking  after  14  hours  at  room. 

6.  0.2  c.c.  NaCI  solution  +  01  c.c.  dog's  serum  4-  S.     No  agglutination  or  laking. 

7.  0.3  c.c.  dog's  serum   +   0.2  c.c.   NaCI   solution   +  0.'>   c.c.   of  suspension    of   A's 

washed  corpuscles.    Complete  laking  in  20  minutes  at  40°. 

8.  03  c.c.  dog's  serum  4-  02  c.c.  A  serum  +  0.5  c.c.  of  suspension   of   A's  washed 

corpuscles.    Complete  laking  in  20  minutes  at  40°. 

9.  0,5  c.c.  NaCI  solution  4-  0.5  c.c.  suspension  of  A's  washed  corpuscles.     No  laking 

in  2  houts  at  40=>. 
10.    0.2  c.c.  A  serum  4-  O.S   c.c.  of  a  5  per  cent  suspension  of  normal   rabbit's  washed 
corpuscles.     No  agglutination  or  laking. 
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Rabbit  B.  3  kilos.  Feb,  19.  —  1.45  p.m.:  Injected  subcutaneously  the 
washed  ghosls  of  7  c.c.  of  dog's  washed  corpuscles  after  complete  laking 
by  water  (controlled  by  microscopic  examination),  one  hour  after  with- 
drawal of  the  blood.  Although  laking  seemed  complete,  the  liquid  being 
perfectly  transparent,  and  the  sediment  on  centrifugaliiation  of  a  small 
sample  being  colorless,  the  addition  of  excess  of  0.9  per  cent  NaCI  solu- 
tion caused  a  heavy  precipitate  of  ghosls,  which,  on  separation  by  the 
centrifuge,  were  seen  to  be  more  strongly  tinged  with  hsemoglobin  than 
the  supernatant  liquid.  This  sediment  was  washed  twice,  each  time  with 
15  times  its  bulk  of  NaCI  solution.  Then  water  was  added  to  the  sedi- 
ment, so  as  to  be  sure  that  laking  was  complete. 

8  p.  M. :  Injected  subcutaneously  into  B  an  additional  quantity  of 
washed  water-laked  ghosts  corresponding  to  4  c.c.  of  dog's  blood. 

March  1.  —  7  V.  M.  :  Injected  subcutaneously  the  washed  water-laked 
ghosts  (conesponding  to  so  c.c.  of  dog's  blood)  separated  from  the 
hxmoglobin -containing  liquid  injected  into  Rabbit  C. 

Afarch  17.  —  3  P.  M  :  (lot  blood  from  B, 

Mank  18. —  Made  a  5  per  cent  suspension  (S)  of  dog's  fresh  washed 
corpuscles. 

1.  0.2  cc.  B  serum  -f-  0..S  c.c.  S.      Fair  agglutination  in  7  minules  al  Vi°.  but  not   nearly 

so  rapid  as  in  Kabbit  E  (1).  In  20  mirules  at  Wgood  agglutination  and 
fair  laking.  In  1  hour  at  40°.  cotnpkle  laking.  Control  with  NaCI  solu- 
tion.    No  laking. 

2,  02  c.c.  B  serum  -H  0.5  c.c.  of  a  S  per  certi  suspension  of  normal  rabbit'i  washed 

corpuscle*.  No  agglutination  or  laking  in  1  honr  at  40°  and  12  hours  at 
room  (emperalure. 

Rabbit  C.  I  kilos.  March  1. — 5  p.  m,  :  Injected  subcutaneously  the  hffinio- 
globin-containing  liquid  (freed  from  ghosts)  of  dog's  washed  corpuscles, 
corresponding  to  jo  c.c.  of  blood,  completely  laked  by  the  addition  of 
55  c.c.  of  water,  as  shown  by  the  microscope. 

March  10.  —  3  p.m.  :  Is  dying.  There  is  a  growth  on  the  jaw.  Got 
blood,  and  from  this,  serum  practically  free  from  hemoglobin. 

March  11.  —  2  p.  M. :  Got  blood  from  a  dog.  Made  a  suspension  con- 
taining 5  per  cent  of  dog's  washed  corpuscles  (S),  and  a  dilution  of  the 
dog's  blood  with  NaCI  solution,  containing  10  per  cent  of  blood  (S'). 
0.5  c.c.  of  S  or  S'  was  always  used. 

1.  0 1  cc.  C  serum  -H  S.     Ulllc  if   any  laking  at  +0'  in  1  hour.     Some  laking  after 

2  hours  at  W  and  14  hours  at  room  temperature,  but  quite  incomplete, 
(■ood  agglutination,  coming  on  almost  at  once. 

2,  02  c.c  C  serum  -1-  S.     Little  if  any  laking  at  40^  in  1  hour.     Some  laking  in  2  hours 

at   40°,  not  much  increased  in  14  hours  at  room  temperature.    Agglutina- 
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3.  0.4  C.C,  C  serum  +  S,     No  laking  m  30  minutes   at   W,  and  Utile  in  U  hours  at 

room  temperature.     After  1  hour  more  at  40°,  and  shaking  up  sediment, 
decidedly  more  taking  than  in  (6). 

4.  0,1  C.C.  C  serum  +  S'.    No  laking  at  40°  in  Z  hours.    Good  agglutination.     Practi- 

cally no  laking  in  14  hours  more  at  room  temperature. 

5.  0.2  C.C.  C  serum  +  5'.     No  laking  at  40°  in  2  hours.     Good  agglutination.     Slight 

laking  in  14  hours  more  at  room  temperature,  but  less  than  in  (2). 

6.  0.4  C.C.  C  serum  4-  S'.     No  laking  in  30  minutes  at  40°,  and  very  little  in  14  hours 

at  room  temperature.     Somewhat  more  after  shaking  up  sediment  and 

1  hour  more  at  40°. 

7-  0.2  C.C.  C  serum  (healed  to  60°)  -t-  S.  No  laking  at  40°  in  30  minutes-  Good 
agglutination.  Slill  good  agglutination  after  14  hours  at  room  temperature. 
■nd  slight  laking.    After  1  hour  more  at  40°,  laking  is  as  good  as  in  (2). 

8.  0.2  C.C.  C  serum  (heated   to  60°)  +  ii'.     No  laking  at  40°  in  30  minutes.     No 

agglutination  after  14  hours  at  room  temperature  and  another  hour  at 
40°,  still  no  agglutination.     Slight  laking,  but  decidedly  less  than  in  (7). 

9.  0.2  C.C.  NaCl  solution  +  S'.     No  laking  after  2  hours  at  40°  and  14  hours  at  room 

temperature,  except  a  slight  ring  above  sediment. 
In  all  this  experiment  the  laking  is  inconspicuous  and  not  abolished  by  heating  the 
serum.     The  agglutination  ia  the  striking  feature. 

Rabbit  D.     z  kilos.    March  1. —  11.30  a.m.:  Injected  subcutaneously  washed 

dog's  corpuscles  corresponding  lo  27  c.c.  of  blood. 

March  15.  —  %  P.M. ;  Looks  ill  and  emaciated.  Salivating  consider- 
ably. Swelling  on  right  upper  jaw.  An  abscess  under  skin  of  abdomen 
containing  inspissated  pus.  No  injection  was  made  in  this  situation. 
Got  blood-serum  free  from  hemoglobin.  Much  clear  liquid  in  peri- 
toneal cavity  which  clots  rapidly  on  withdrawal.  Obtained  serum  f^om 
this  clot,  and  tested  its  hamolylic  and  agglutinating  power.  Used  suspen- 
sion of  dog"s  washed  corpuscles  containing  5  per  cent  of  corptiscles  (S). 
Also  dilution  of  dog's  blood  containing  10  per  cent  of  blood  (S').  0.5  c.c. 
of  S  or  S'  was  always  used. 

1  0-1  c.c.  D  scrum  +  S.  Complete  agglutination,  although  not  so  rapidly  as  in  (7). 
Marked  laking  in  20  minutes  at  40°. 

2.  0.2  c.c.  D  nerum  +  .S.    Complete  agglutination  in  1  or  2  minutes.     Marked  laking 

in  Z0minutesat40°. 

3.  0.1C.C.   J 

4.  a2c.c.  1 

5.  a2c.c.  D  serum   (heated  to  60°}  4-  S'.      Marked  agglutination.     No  laking  in  30 

minutes  al  40°,  but  slight  laking  after  1  hour  more  at  40°  and  1  hour 
at  room  temperature. 

6.  02  C.C.  D  serum  (heated  to  60°)  +  S.     Marked  agglutination.     No  laking  at  40°  in 

40  minutes.     Slight  laking    in  2  hours  at  40°  and  1   hour  at  room   tem- 
perature, though  distinctly  les-f  than  in  <5). 

7.  0.1  C.c.  peritoneal  +  S.     Complete  and  rapid  agglutination  as  in  (1),      No  laking  in 

2  hours  at  40°. 

3-  0  2  c.c.  peritoneal  +  S.  Complete  and  rapid  agglutination  as  in  (1).  No  taking  in 
2  hours  at  40». 


Same  as  (1)  and  (2). 
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9.    O.L  c.c.  peritoneal  +  S'.     Marked  aggluiinalion.      Veiy  Utile  lakiiig  in  2  hours  at 

W°  and  1  hour,  room  temperature. 
10.    0.2  t.c.  periloneal  +  S'.     Marked  agglulination.     Very  little  laking  in   2   hours  al 
40°  and  1  hour,  room  temperature,  but  somewhat  more  than  in  (9),  (hough 
far  less  than  in  (3)  and  (4). 
11-    0.2cc.  peiitimeal  (heated  to  60")  4-H'.    Marked   agglutination.      No   laking  in   2 
hourj  at  40°,  and  1  hour  at  room  temperature. 
March  16.  — -  8  P.  m.  : 

12.  0.2  C.C.  D  serum   (heated  to  60°)  +  0.1  cc.  dc^'s  serum  +  .S.    Complete  agglutina- 

tion in  S  minutes  at  40°,  more  rapid  than  in  (13)  or  in  Kabbit  A  (5). 
After  14  hours  at  room  tempetalute.  slight  laking.  The  corpuscles  form 
a  solid  mass,  nol  easily  shaken  up,  at  bottom  of  tube. 

13.  0.2  c.c.  peritoneal  (heated  to  60°)  +  0.1  c.c.  dog'i  serum  4-  S.     Almost  complete 

agglutination  in  5  minutes  at.40°,  complete  in  10  minutes  at  40°.  After 
14  hours  the  corpuscles  form  a  solid  mass,  not  easily  shaken  up.  Slight 
laking.  more  than  m  (12). 

14.  02  cc.  NaCI  solution  +  0.1  c.c,  dog's  serum  4-  S.     No  agglutination  or  taking. 

Mare/i  18.  —  j  P,  M.  : 

15.  0.2  cc.  U  serum  +  05  c.c.  of  a  5  per  cent  suspea! 

puscles.    No  agglutination  or  laking  ii 

16.  0.2  c.c.  peritoneal  +  O,.*!  cc.  of  the  suspension  of  rabbit's  corpuscles.     No  laking  in 

1  hour  at  40°  and  12  hours  at  room  temperature.      Possibly  slight  agglu- 
tination.    It  is  more  ditficult  to  shake  up  into  complete  suspension  than 
(15).  but  does  not  settle  more  rapidly. 
RsbbltB.     2  kilos,     March  7.  —  8  p.m.:   Injected  subcutaiieously  the  twice- 
washed  ghosts  of  dog's  washed  corpuscles  (corresponding  to  25  c.c.  of 
blood)  after  laking  with  2.5  c.c.  of  a  3  per  cent  solution  of  saponin  in 
0.9  per  cent  NaCI  solution.     The  saponin  solution  was  boiled  before 
being  added.     It  did  not  produce  rapid  laking,  and  the  quantity  added 
was  probably  not  far  from  the  minimal  dose  for  complete  laking, 

March  8. —  11  A.M.:    Injected  subcutaneously  the  washed  saponin- 
laked  ghosts  corresponding  to  5  c.c.  more  of  the  dog's  blood. 

March  11.  —  3  p.  M. :  Got  blood  from  E,  and  allowed  to  clot.    Kept  in 
ice-chest. 

March  18.  —  Made  a  5  per  cent  suspension  of  dog's  fresh  washed 
corpuscles  (S).     Obtained  serum  from  the  blood  of  E. 

1.  0.2  c.c.  E  serum  +  O-S  cc.  S.     Almost  immediate   complete  agglutination.      Shook 

up.  In  20  minutes  al  40°  some  laking,  but  less  than  in  Kabbt  H  (1).  In 
1  hour  at  40°,  almost  complete  laking. 

2.  02  c  c.  NaCI  solution  +  O.S  c.c.  S.     No  laking  in  1  hour  at  40°. 

3.  0.2  cc.  E  scrum  +  O.S  c.c,  of  a  5  per  cent  suspension  of  normal  rabbit's  washed  cor- 

puscles.    No  agglutination  or  laking  in  1   hour  at  40°  and   12  hours  at 

OtiitiBa-plg  A-  750  grams,  yan.  18.  — To  35  c.c.  of  a  suspension  of  washed 
rabbit's  corpuscles  corresponding  to  6.5  c.c.  of  blood  added  15  c.c. 
of  dog's  serum.     Placed  the   mixture  at  40°  for  25   minutes.     Laking 


ibyGooglc 


3  G.  N.  Stewart. 

complete.    Washed  the  ghosts  repeatedly  with  NaCI  solution,  and  injected 
them  intra  peril  oneally  into  A. 

Fib.  11.  —  II  A.M.  :  Got  defibrinated  blood,  and  separated  the  serum 
at  once  by  centrifuge.  Tested  at  z  p.  m.  on  a  suspension  of  washed 
rabbit's  corpuscles  containing  about  25  per  cent  of  corpuscles,  and,  on 
a  suspension  of  dog's  washed  corpuscles  of  the  same  suength. 

:rum  -i-  1  c.c.  rabbit's  suspension.  Good  laking  at  40°  in  less  than  1  hour, 
srum  (heated  lo  58^)  -I-  rabbit's  suspension.  No  laking  after  I  hour  al 
40=  and  20  hours  al  0°. 

iTum  +  1  c.c.  dog's  suspension.  No  laking  in  2  hours  at  40°.  Slight 
laking  after  20  hours  al  0°. 

im  +  A's  blood  (serum  and  corpuscles).    Complete  laking  at  40°  in  1  hour, 
um  +  rabbit's  suspension.      Fair  laking  at  40°  in  1  hour,  but  not  nearly  as 
much  as  in  (4). 
6.     Dog's  serum  -f  A's  washed  corpuscles.     Complete  laking  in  a  few  minutes  at  40°. 
7      Dog's  serum  +  excess  of  A's  serum  +  A's  washed  corpuscles.    Complete  taking  in 

few  minutes  at  40". 
S      Normal  guinea-|)ig's  serum  -k-  A's  washed  corpuscles.     No  laking. 

February  IS  : 
9.     A  serum  (ke|it  at  0°  since  Feb.  Ill  +  rabbit's  washed  corpuscles  4-  an  equal  volume 
of  rabbit's  serum      Practically  no  laking  in  1  hour  at  40°  and  16  hours 

10.  A  serum  +  rabbit's  washed  corpuscles.  !iome  laking.  but  the  talcing  power  of  A 
serum  is  now  feeble  compared  with  |1|,  although  distinctly  greater  (ban 
in  {•*)■ 

Ouiaea-pig  B.  _?;(«.  18.  —  Laked  a  portion  of  the  same  suspension  of  rab- 
bit's washed  corpuscles  as  was  used  for  Guinea-pig  A,  by  heating  to  55°  C 
for  40  minutes  and  then  to  61"  for  4  minutes.  Even  about  55°  to  58°  a 
brownish  precipitate  came  down.  Centrifugal! zed  off  a  portion  of  the 
hsemoglobin-containing  liquid,  and  injected  ihe  sediment,  with  the  balance 
of  the  liquid,  into  B  inlraperitoneally.  The  amount  injected  contained 
the  ghosts  of  5  c.c.  of  blood.  Another  specimen  of  the  suspension  of 
rabbit's  corpuscles  was  heated  to  58°  for  15  minutes.  Tlie  same  brownish 
precipitate  came  down.  The  same  was  the  case  for  specimens  healed  to 
61°  and  to  64°.  The  precipitate  was  very  copious,  and  under  the  micro- 
scope was  seen  lo  consist  of  ghosts  covered  with  numerous  blackish 
granules,  suggesting  haematin,  many  of  them  free.  All  the  corpuscles 
seemed  to  have  lost  their  hemoglobin.  With  the  most  cautious  healing 
which  would  cause  laking  it  was  found  impossible  to  avoid  this  precipitate 
in  suspensions  of  washed  corpuscles.  It  is  quiie  different  when  entire 
defibrinated  blood  Is  laked  by  heat,  possibly  because  the  alkaline  reaction 
of  ihe  ialler  prevents  Ihe  heat-coagulalion  of  the  pigment  even  at  63°  to 
63".  On  heating  some  of  the  hemoglobin-containing  liquid  to  6t°  a  fair 
precipitate  came  down. 
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Feb.  12.  —  Obtained  defibrinateii  blood,  and  immediately  centrifugal- 
ized  off  the  serum.  Used  the  same  suspension  of  rabbit's  washed  cor- 
puscles (S)  as  was  used  for  testing  Guinea-pig  A's  serum. 

B  serum  -f  S.     Complete  laking  in  30  minutes  al  40°. 

B  serum  (heated  to  58°)  +  S.     No  laking  in  2  hours  at  40°. 

Serum  of  normal  guinea-pig  +  S.    Some  laking  in  IJ  hours  at  40°,  but  much  less 

than  in  (1). 
Serum  ot  normal  guinea-pig  (healed  lo  58°)  +  S.     No  laking  in  1  hour  at  40°,  and 

16  hours  at  room  temperature. 
Serum  of  normal  guinea-pig  +  S  4-  equal  volume  of  rabbit's  serum.     Practically  no 

laking  in  \\  hours  at  40°.     In  a  second  experiment  no  laking  whatever  in 

1  hour  al  40°  and  16  hours  al  room  lempeialure. 
Repetition  of  (5)  except  ibat  the  serum  oE  normal  guinea-pig  wa*  healed  to  58°-    No 

K  serum  -I-  S  +  equal  volume  of  rabbit's  serum.    Good  taking  in  IJ  hours  at  40°. 

In  a  second  eiperiment,  practically  complete  laking  in  1  hour  at  40°  and 

16  hours  at  room  temperature. 
Rabbit's  serum  +  B's  blood  +  excess  of  B'a  serum.     Complete  laking  at  4CP  in  40 

February  li.  —  5.30  P.  M.  : 

B  serum  (healed  to  59°)  +  equal  volume  rabbit's  serum  +  3  volumes  S.  Good 
agglutination  in  15  minules  at  40°.     No  laking  in  40  minutes. 

1  volume  B  serum  +  I  volume  rabbit's  serum  +  3  volumes  S.  Fair  laking  in  15 
minutes  al  40°.  Good  agglulinalion.  After  40  minules  al  40°,  the  lak. 
ing  is  still  not  so  great  as  in  (1).  but  distinct. 

1  volume  B  semm  +  1  volume  09  per  cent  NaCl  solution  +  3  volumes  ii.  Good 
laking  and  agglutination  in  15  minules  ai  40°.  After  standing  14  hours 
at  room  temperature,  no  alteration  in  (9),  (101,  or  (11). 

1  volume  of  another  normal  guinea-pig's  serum  +  3  volumes  S.  Fair  laking  aflci 
15  minules  at  40°.  Also  agglulinalion,  the  corpuscles  being  mostly 
round  and  svoUen.  Laking  not  increased  after  2  hours  at  40°,  and  18 
hours  at  room  temperature.  Repealed  (12)  with  normal  guinea-pig'^ 
serum  heated  to  58°.  No  laking  or  agglutination.  Corpuscles  mostly 
round,  not  ci  en  a  ted. 

No 


I  volume  normal  gu 

inea-pig's  serum  4-  I  volume 

rabbit's  serum  +  3  voli 

laking  or 

agglutination  in  Z  hours  , 

It  40°,  and   18  hours  a 

peralure. 

The  corpuscles  are  much 

crenaled  in  general. 

OolaeB-pig  F.  500  grams,  yan.  20.  —  Injected  intraperiloneally  rabbit's 
corpuscles  (corresponding  to.3  c.c.  of  blood)  washed  with  NaCI  solution. 
Marth  2.  —  Obtained  blood  from  carotid.  Sewed  up  wound.  In  the 
following  experiments  used  a  suspension  of  rabbit's  washed  corpuscles  (S), 
and  a  dilution  of  rabbit's  blood  (S'),  each  containing  5  per  cent  of 
corpuscles. 

1.    ai  C.C.  F  serum +  S.    Complete  laking  in  15  minutes  al  40°. 
2    ai  C.C.  F  serum  +  S'.    Complete  laking  in  30  minules  at  40°. 
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March   7: 

3.  0.2  c,c.  dog's  serum  +  0.5  c.c.  of  a  S  per  cent  guspension  of  F's  washed  corpuscles. 

Complete  laking  in  30  minules  »l  Mf. 

4.  OZc.c.  rabbit's  serum  +  0.5  c.c.  of   a  5  per  cent  suspension   of  F's  iraahed   cor- 

puscles. Slight  laking  at  40°  in  30  minules.  Still  incomplete  in  2j 
hours  at  40°. 

5.  0.2  c.c.  F  serum  +  0.5  c.c.  of  a  5  per  cent  suspension  of  dog's  washed  corpuscles. 

No  laking  at  40°  in  11  hours.    Slight  Uking  in  3  hours  at  40°. 

6.  0.2  c.c.  dog's  serum  +  0.5  c.c.  of  a  10  per  cent  dilution  of  F's  blood.    Complete 

laking  at  40°  in  10  minutes, 

7.  0.2  c,c.  rabbit's  serum  +  O-.S  c.c.  of  a   10  per  cent   dilution  of   F's   blood.     Very 

little  laking  in  10  minutes.     Fair  laking  in  Z  hours  at  40°- 

8.  0.2  c,c,  F  serum  +  02  cc.  rabbit's  serum  +05  c.c.  of  a  10  per  cent  suspension  of 

rabbit's  washed  corpuscles.  Good  agglutination  and  fair  laking  in  15 
minutes  at  40°.  Good  laking  after  1  hour  more  st  40°  and  16  hours  al 
room  temperature, 

9.  0.2  cc,  F  serum  +  0.2  c.c.  dog's  serum  +  0.5  c.c  of  the  same  suspension  of  dog's 

corpuscles  as  was  used  in  K  (19|,  No  laking  at  40°  in  1)  hours. 
Slight  laking  in  3  hours  at  40°,  but  less  than  in  K  (19).  After  16  hours 
at  room  temperature,  laking  not  marked. 
10  0.2  cc.  F  serum  (heated  to  58°)  +  0.2  cc.  rabbit's  setum  +  0.5  c  c.  of  10  per  cent 
suspension  of  rabbit's  washed  corpuscles.  No  laking  in  40  minules  at 
40°,  but  good  agglutinalion.  No  laking  in  2  hours  al  40°  and  16  hours 
al  room  temperature. 

Ouliiea-pis  O.  ^an.  H.i,  1904.  —  3  c-c-  of  dog's  blood  kept  in  sealed  tubes 
at  room  temperature  since  Feb.  i8,  1901,  when  Jl  was  drawn  under 
aseptic  conditions,  was  injected  intra  peri  ton  eally  into  G. 

yan.  -^4,  l'^04.  —  Injected  subcutaneously  into  G  some  of  the  sediment 
after  washing  with  NaCl  solution,  and  also  some  of  the  hcemoglobin-con- 
taining  liquid.  The  blood  was  obtained  from  the  dog's  carotid  by  pushing 
the  points  of  sterile  pipettes  through  the  vessel  wall  and  then  breaking 
them  off.  The  points  were  sealed  in  the  flame.  The  clot  had  not 
entirely  disappeared.  It  was  broken  up  by  rubbing  in  NaCl  solution,  and 
portions  of  the  suspension  and  of  the  has moglobin -con taining  liquid  were 
injected.  The  spectrum  before  breaking  the  tubes  was  observed.  The 
bands  of  oxy haemoglobin  were  well  marked.  There  was  no  band  in  the 
red  in  the  position  of  the  meth^moglobin  or  acid  hsematin  band.  The 
reaction  was  about  neutral  to  blue  and  red  litmus  paper.  The  blood  was 
well  laked.  The  spectrum  was  not  aJtered  by  opening  the  tubes  and 
diluting  a  specimen  with  water.  Bouillon  tubes  inoculated  with  the  blood 
showed  no  growth. 

Microscopically,  some  ghosts  of  normal  size  were  seen,  and  numerous 
smaller  colorless  bodies,  often  irregular  in  shape,  perhaps  shrunken  ghosts 
or  portions  of  such  ;  numerous  clumps  of  blood-pigment  granules,  not 
containing  any  intact  corpuscles ;  many  beautiful  tyrosin  crystals  in 
sheaves,  half-sheaves,  and  isolated  needles,  soluble  only  in  large  excess 
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of  waler,  insoluble  in  alcohol ;  also  some  cholesterin  crystals.  Some 
reddish  crystals  are  also  present,  in  the  fonn  of  tables,  perhaps  reduced 
hxmoglobin.  If  oxyhemoglobin,  they  are  atypical  in  form.  They  are 
not  hfemaioidin,  because  easily  soluble  in  water  and  insoluble  in  chloro- 
form, and  they  do  not  give  Gmelin's  reaction.  Chloroform  takes  up  none 
of  the  red  pigment  in  this  long-kept  blood.  Some  yellowish-red  balls  are 
present  which  are  soluble  in  water,  and  suggest  leucin,  but  are  insoluble 
in  alcohol.  Even  boiling  alcohol  does  not  seem  to  take  up  anything  from 
the  blood.  All  the  pigment  in  the  sediment,  after  washing  it  with  NaCl 
solution,  is  not  soluble  in  water.  A  considerable  brownish  residue 
remains  which  is  soluble  in  dilute  potassium  hydrate,  but  practically 
insoluble  in  dilute  mineral  acid  (nitric  acid).  The  insoluble  pigment 
when  pressed  between  two  glass  slides  shows  no  distinct  spectrum.  On 
the  addition  of  ammonium  sulphide,  a  strong  hiemochromogen  spectrum 
is  obtained.  Dissolved  in  water  some  of  the  sediment  containing  the 
reddish  crystals.  The  red  liquid  gives  a  faint  spectrum,  two  poorly 
defined  bands  in  ihe  position  of  the  oxyhemoglobin  bands.  Boiled  the 
solution.  The  pigment  is  not  all  precipitated  by  boiling,  and  therefore 
the  filtrate  shows  the  same  spectrum.  The  addition  of  ammonium  sul- 
phide to  the  filtrate  gives  good  hcemochromogen  bands. 

For  the  original  fresh  dog's  defibrinaled  bloody  on  Feb.  18,  1901,  the 
conductivity  (at  5°  C.)  x  10*  was  34.12  ;  for  the  haemoglobin-containing 
liquid  on  Jan.  13,  1904,  it  was  92.85  ;  and  for  the  mixture  of  liquid  and 
sediment,  ^l^t^,  expressed  in  reciprocal  ohms. 

The  point  of  the  pipette  in  which  one  of  the  samples  of  the  dog's  blood 
was  taken  got  broken  in  transportation  two  years  after  the  blood  was 
drawn.  It  was  Ibund  sealed  up  by  some  dried  blood.  The  contents  had 
no  putrefactive  odor,  but  a  musty  smell.  No  tyrosin  crystals  were 
present.  The  clot  had  not  entirely  disappeared.  All  the  corpuscles 
were  laked,  and  intact  ghosts  were  not  to  be  found.  Bouillon  tubes 
inoculated  from  this  pipette  immediately  after  it  was  opened  showed  a 
good  growth  containing  numerous  micrococci  and  a  smaller  number  of  a 
motile  bacillus. 

Jan.  28.  —  G  is  dead.  Got  clotted  blood  from  the  right  heart.  The 
left  heart  is  empty.  Broke  up  the  clot  in  NaCI  solution,  and  ccntrifu- 
galized.  Obtained  from  thoracic  cavity  some  liquid  containing  red 
corpuscles.  Centrifugalized.  The  supernatant  liquid  is  nearly  free  from 
hicmoglobin. 
1  cc.  of  a  suspension  of  dog's  washed  corpuscles  -t-  1  c.c,  of  G's  dilute  blood-serum. 

No  laking  after  Z  hours  at  40°. 
I  c.c.  of  dog's  suspension  -|-  1  c.c.  of  G's  dilute  blood-serum  (after  healing  20  min- 
utes to  59°).     No  laking  in  2  hours  at  40°. 
I  ex,  of  dog's  suspension  4-  1  c.c.  thoracic  liquid  from  G.     Good  laking  in  2  hours. 
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4.  1  c.c.  of  a  suspension  of  rabbit's  washed  corpuscles  {corresponding  to  01  c.c.  blood) 

+  1  c.c.  ol  G's  thoracic  liquid.    Complete  laking  in  \{  hours  at  40°. 

5.  1  c.c.  of  rabbit's  suspension  +  1  c.c.  NaCl  solution.    No  la  king  afteil]  hours  at  40° 

and  14  hours  M  (P. 

6.  1  c.c.  of  rabbit's  suspension  +  1  c.c.  G's  diluted  blood-serum.     No  laking  after  1) 

hours  at  40°  and  14  hours  at  0°. 

7.  1  c.c.  of  rabbit's  suspension  +  1  c.c.  G's  thoracic  liquid  (after  heating  to  59°).     No 

laking  after  1)  hours  at  40°  and  14  hours  at  (f. 

Ouiaea-plg  H.  ^an.  21.  —  8.30  P.M. :  Injected  washed  rabbit's  corpuscles 
imperfectly  fixed  by  formaldehyde,  and  then  thoroughly  washed  with 
NaCl  solmion.  A  week  ago  a  suspension  of  rabbit's  washed  corpuscles, 
containing  the  same  proportion  of  corpuscles  as  the  original  blood,  was 
made.  To  this  was  added  half  its  volume  of  a  3  per  cent  solution  of 
formaldehyde  in  NaCl  solution. 

Tlie  fixing  was  not  so  complete  but  that  water  caused  complete  bking. 
But  there  was  no  putrefaction.  A  little  hemoglobin  was  present  j»  the 
NaCl  solution  after  each  washing,  even  the  last,  and  it  did  not  per- 
ceptibly diminish  in  the  last  fe«-  washings,  indicating  that  the  NaCl 
solution  was  producing  slight  laking  of  the  corpuscles.  (I  have  previously 
shown  that  NaCl  penetrates  more  easily  than  normal  into  corpuscles  in  the 
first  stage  of  fixing  by  formaldehyde.) 

Feb.  16.  —  11.30  A  M. :  Got  blood  from  carotid.  Sewed  up  wound. 
Made  a  dilution  of  rabbit's  blood  containing  5  per  cent  of  corpuscles. 
To  two  samples  of  this  added,  respectively,  H's  serum  and  serum  from  a 
normal  guinea-pig  in  the  same  amount.  Complete  taking  in  the  tube 
with  H's  serum  in  10  minutes  at  40".  Good  agglutination.  No  laking  in 
the  other.  After  2  hours  at  40°  and  16  hours  at  room  temperature,  slight 
laking  in  tube  with  normal  serum. 

H's  serum  +  washed  rabbit's  corpuscles  {a).  Fair  laking  after  a  hours 
at  40°  and  16  hours  at  room  temperature. 

Normal  guinea-pig's  serum  -|-  washed  rabbit's  corpuscles  (6).  Little 
laking  after  2  hours  at  40°  and  16  hours  at  room  temperature. 

After  1  hour  at  40°  (during  which  there  was  some  laking  in  lube  a,  none 
in  6}  added  to  a  portion  of  a  and  of  d  excess  of  rabbit's  serum.  After 
I  hour  more  at  40°,  and  16  hours  at  room  temperature,  laking  was  about 
the  same  in  rt  +  rabbit's  serum,  as  in  a  at  end  of  same  period.  In  i  -t- 
rabbit's  serum,  the  laking  was  even  less  than  in  b. 
Otiinaa-pig  I.  ^an.  27.  —  Injected  intraperitoneally  the  hfemoglobin-coniain- 
ing  liquid  of  15  c.c.  of  a  suspension  of  washed  rabbit's  corpuscles  (cor- 
responding to  7.5  c.c.  of  blood)  after  complete  laking  by  freezing  and 
thawing  4  times,  and  prolonged  centrifugnlization. 

Feb.  7.  — in,  refuses  food. 

Feb.  8.  —  Killed  at  9  p.  M.  Got  serum  from  detibrinated  blood.  No 
pathological  appearances  under  the  skin  or  in  the  peritoneal  cavity. 
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Feb.  9.  —  I  serum  +  suspension  of  rabbit's  corpuscles.  Complete 
laking. 

I  serum  {heated  to  57°)  +  suspension  of  rabbit's  corpuscles.  No  lak- 
ing in  3  hours  at  40°  and  17  hours  at  room,  but  strong  agglutination. 

Normal  rabbit's  serum  +  washed  corpuscles  of  I.  Good  laking  at  40° 
in  2^  hours. 

Normal  rabbit's  serum  +  unwashed  corpuscles  of  I.  Fair  laking  at  40° 
in  z^  hours. 

1  serum  -f  washed  corpuscles  of  N>  LJttle,  if  any,  laking  in  i)  hours 
at  40°.     A  little  laking  in  16  hours  at  room  temperature. 

Oolatta-plg  Jf.  600  grams,  yan.26.  —  Injected  siibcutaneously  ihe  haemo- 
globin-containing liquid  from  washed  rabbit's  corpuscles  (corresponding 
10  7  c.c,  of  defibrinated  blood)  after  laking  by  heating  to  60°  for  15 
minutes,  and  prolonged  cenirifugalization. 

Feb.  ;e.  —Obtained  some  blood  from  the  ear  of  J.  Shook  up  with 
some  NaCl  solution  and  centrifugalized.  Added  the  clear  liquid  to  a 
dilution  of  rabbit's  blood  and  to  a  suspension  of  washed  rabbit's  cor- 
puscles. Very  little  laking  in  either  after  2  hours  at  40°  and  16  hours  at 
room  temperature.     Good  agglutination  in  both. 

Feb.  18.  —  Got  blood  from  carotid  of  J,  Ligated  vessel  and  sewed  up 
wound. 

J  serum  +  rabbit's  blood  dilution.  Complete  laking  in  15  minutes  at 
40''.     Good  agglutination. 

J  serum  +  rabbit's  washed  corpuscles.  Marked  laking  in  15  minutes 
at  40°.     Good  agglutination. 

April  7.  —  Got  blood  from  carotid  of  J.  Sewed  up  wound.  Made  a 
S  per  cent  suspension  of  washed  rabbit's  corpuscles  (S),  and  a  1  o  per  cent 
dilution  of  rabbit's  blood  (S').     Used  always  0.5  c,c.  of  S  and  S'. 

1-    U.1  C.C.  J  serum +  S.     Slight  laking  in  30niiiiuies  aiW.     Fair  laking  in  45  minuies 
at  40°.      After  12  hours  al  room  tempciaiure.  laking  Slill  incomplete. 

2.  0.2  c  c.  J  serum  -I-  S.     Good  laking  in  30  mmutes  at  40°,  but  not  eomplele.    Then  15 

minutes  more  at  40°.     After  IZ  hours  at  room  temperature,  practically 
complete  laking. 

3.  0.2  C.C.  J  »etum  Iheaied  lo  60°)  +  S.     No  agglutination  to  eye  in  45  minutes  at  40° 

and  12  hours  at  room  lemperalurc. 
4     0.2  c.c  NaCl  solution  +  S.     No  laking  or  agglutination. 

Repeated  (i)  to  (4)  with  S'  instead  of  S.  Same  result,  except  that  in 
lube  corresponding  to  (z)  laking  was  not  quite  complete. 

Microscopically,  J  serum  causes  fair  agglutination  of  S  and  S'  in  the 
proportion  of  ^  of  the  serum  to  5  of  S  or  S'. 

■^ITie  same  is  true  of  J  serum  after  healing  lo  61°  for  7  minutes.  The 
agglutination  is  less  than  with  J'  serum. 
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April  8.  — Laked  3.5  c.c.  of  rabbit's  blood  by  heating  to  63°  for  15 
minutes.  Centrifugalized  olT  the  ghosts  thoroughly,  as  shown  by  the 
microscope.     Injected  the  liquid  subcittancotisly  into  J. 

April  28. —  10 A.M.  Obtained  blood  from  J,  Used  the  same  sus- 
pension of  rabbit's  corpuscles  (S)  and  the  same  dilution  of  rabbit's  blooii 
(S')  as  were  used  in  testing  the  serum  of  J'.     Always  0.5  c.c.  of  S  or  S'. 

1.  0.1  cc.  J  serum  +  S.  Home  laking  in  8  minutes  at  40°,  but  distinctly  less  lh»n  in 
ccirces ponding  tube  with  J' serum.  Good  agglutination.  Nearly  oumiileie 
laking  in  20  minutes  at  W-  Compleic  in  40  minutes  at  40°.  hut  a  greater 
sediment  of  ghosts  than  in  J'. 

Z.  0.1  cc.  J  serum  (iieated  20  minutes  to  f£f)  +  S.  Even  after  1}  hours  there  is  little 
if  any,  agglutination      No  taking. 

3.  0.0.S  cc.  J  serum  -I-  S.      .Some   laking  in  5  minutes   at  40°,  but  less  than  in   the 

corresponding  J'  tube.  Laking  still  incomplete  in  Z5  minutes  at  40^. 
Complete  in  40  minutes  al  40°,  and  one  hour  at  room  temperature. 

4.  0.05  c.c.  J  seruin4-S.     At  room  temperature,  for  12  hours.    Strong  agglutination,  ill 

the  corpuscles  being  in  a  mass,  which  is  not  easily  shaken  up.    No  laking. 

April  29.—  10  A.  M. : 

5.  0.1  cc  J  serum  +  S'.    Complete  laking  a(  40°  in  9  minutes. 

6.  0.1  cc.  J  serum  (lieated    to    56°  for  18  minutes}  +  S'.     Good  agglutination  in   20 

minutes  at  40°.  Shook  up  and  left  at  room  tem|>erature  for  30  minutes. 
Some  laking.     None  in  control  tube  with  NaCI. 

7.  0.1  cc.  J  serum  (heated  to  60°  for  20  minutes)  +  S'.     After  10  minutes  at  40".  and 

in  conlrol.  Microscopically,  both  J  and  J'  serum,  heated  to  .S6°  for  IZ 
minutes,  cause  marked  agglutination  of  washed  rabbit's  corpuscles,  much 
better  marked  than  in  the  case  uf  same  sera  after  being  healed  to  C>0° 
This  suggests  that  the  agglutinin  formed  after  the  injection  of  stroma, 
01  liquid  which  has  been  healed  to  60°-62°,  is  perhaps  rendered  inactive 
at  about  the  same  temperature,  though  not  at  S6°,  while  agglutinin  pro- 
duced under  the  influence  of  stroma,  or  liquid  which  has  not  been  heated, 
is  not  rendered  inactive  by  heating  it  to  60°. 
Mixed  J  serum  and  a  sediment  of  rabbit's  washed  corpuscles,  both  previously  cooled 
to  0°,  and  allowed  the  mixture  to  stand  in  ice  for  2\  hours.  Then  cen- 
trifugaliied  off  the  serum.  Call  the  serum  B.  I(  is  somewhat  tinged  with 
hxmoglobin. 

8.  0-1  c.c  B  +  .S.     I.ittle,  if  any,  laking  or  agglutination  in  30  minutes  al  40°. 

9.  01  cc  J  serum  (heated  to  56°)  4-  O.O.^  cc.  8  +  S.     Fair  laking  and  good  agglutina. 

tion  in  30  minutes  al  40°.  After  40  minutes  more,  at  40°,  marked  laking. 
Much  more  than  in  tube  S,  though  not  yet  so  much  as  in  10. 

10.  0.1  c.c  J  serum  4-  0.05  c.c  NaCI  solution  +  S.    Good  laking  and  agglutination  in 

10  minutes  at  40°.  Washed  the  sediment  of  corpuscles  wiih  which  B  was 
in  contact,  and  made  a  5  per  cent  suspension  of  il  in  NaCI  solution. 

11.  as  cc  of  (his  suspension  4-  01  c.c.  B.     Some  laking  in  1  honr  al  37°,  and  marked 

agglutination.  In  30  minutes  more,  fair  laking.  In  16  hours,  at  rocim 
temperature,  good  laking.  Some  a^lntination,  but  no  taking,  in  a  control 
tube  with  NaCI  solution  instead  of  D. 

12.  (j.5  c.c.  of  the  suspension  -^  0.1  c.c.  H  (heated  to  56°).    No  laking. 
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Onlneti-plg  I'.  850  grams.  Jan.  S6.  —  Injected  iiitraperitoneally  the  washed 
sediment  of  a  suspension  of  washed  rabbit's  corpuscles  (corresponding  10 
7  c.c.  of  defibrinated  blood)  laked  by  heating  to  60°  for  15  minutes.  The 
htemoglob  in -containing  liquid  was  injected  into  J.  The  serfimeni  was 
washed  repeatedly  with  NaCl  solution. 

J'efi.  17.  —  Got  blood  from  carotid.  Sewed  up  wound.  Used  lo  per 
cent  dilution  of  rabbit's  blood  (S'j. 

J'  serum  +  S'.     Good  laking  at  40"  in  i  hour. 

J'  serum  (heated  to  58°)  +  S'.  Good  agglutination.  No  krtting  in 
3  hours  al  40°  and  1 6  hours  at  room  temperature. 

Serum  of  normal  guinea-pig  +  S'.  No  laking  in  2  hours  at  40"  and 
16  hours  at  room  temperature. 

April  7. — Got  blood  from  carotid.  Sewed  up  wound.  Used  5  per 
cent  suspension  of  washed  rabbit's  corpuscles  (S)  and  to  per  cent  dilution 
of  rabbit's  blood  (S')  (always  0.5  c.c). 

1.  0.1  C.C.  J'  scrum  +  S'.     Lutle,  i(  any,  laking  in  30  minules  al  40°.     In  3  hours  at  40» 

considerable  laking, 

2.  0.2  C.C.  y  serum  +  S'.    Complete  laking  in  IS  to  20  minutes  at  «°, 

I-    0.2  C.C.  y  serum  (heated  lo  60°)  -f  S'.     No  laking.     No  agglutination  (to  eye)   in  30 
minutes  al  W.     Fair  agglutination  (lo  eye)  in  3  hours  at  40°. 

(i)  to  (3)  were  repeated  with  S,  with  similar  results.  Also  repeated 
with  a  10  per  cent  dilution  of  dog's  blood  instead  of  S  and  S',  with  a 
negative  result  as  regards  both  laking  and  agglutination. 

Microscopically,  J'  serum  caused  good  agglutination  of  S  and  S'  when 
added  in  the  proportion  of  t  of  the  serum  to  5  of  S  or  S'. 

April  8.  —  Injected  subcutatieously  into  J'  the  thoroughly  washed  heat- 
laked  ghosts  of  3.5  c.c.  of  rabbit's  blood  (whose  liquid  was  injected  into  J). 

April  28.  —  10  A.M.  Obtained  blood  from  external  jugular.  Sewed 
up  wound.  Made  a  5  per  cent  suspension  of  washed  rabbit's  corpuscles 
(S),  and  a  10  per  cent  dilution  of  rabbit's  blood  (S').  Used  always  0.5 
c.c.  of  S  or  S'. 

I.    0.1  C.C.  J' serum -H  S.    Complete  laking  in  8  minutes  aHO°. 

Z.    0.1  c.c.  y  serum  (healed  20  minutes  to  60°)  -I-  S.     Little,  if  any,  a^lutination.     No 

3.  aaS  C.C.  y  scrum  +  S.     Fair  laking  in  S  minutes  al  40°,  and  complete  laking  in  20 

minutes  at  40°. 

4.  005  c,c.  J' serum -fS.    At  room  temperature  for  12  hours.    Strong  agglutination.    No 

laking.  Same  as  in  corresponding  J  tube.  The  contrast  between  J  (4) 
and  y  (4),  on  the  one  hand,  and  J  (Z)  and  J'  (2),  on  the  other,  is  great.  In 
the  latter  two  tubes  the  sediment,  after  standing  \i  hours  at  room  tem- 
peraiuie.  shakes  up  about  as  readily  as  in  iht  control  with  NaCl  solution, 
April  29.  —  10  A.  M.: 

5.  ai  C.C.  y  serum  -f-  S'.    Complete  laking  at  40°  in  9  minutes. 
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6.  01  c.e.  J'  »erum  (healed  to  56"  for  13  miuutes)  4-  S'.  Good  agglutinalion  in  20 
minutes  at  40° ;  the  precipitation  of  Ihc  corpuscles  is  more  complete  lh;tii 
in  the  corresponding  J  lube.  Shook  up  and  left  30  minutes  at  room 
lemperalure.     Some  laking.     None  in  control  lube  with  NaCI. 

Oulnsft-plg  K.  —  8oo  grams.  Jan.  S7.  —  The  sedimenl  of  ghosts  (corre- 
sponding to  7-5  c.c.  of  rabbit's  blood,  laked  by  freezing  and  thawing), 
whose  extracorpusciilar  liquid  was  injected  into  Guinea-pig  I,  was  washed 
with  NaCI  solution  and  injected  intraperitoneally  into  K. 

Mar(h  2.  —  Obtained  biood  from  carotid.  The  animal  contained  two 
embryos,  from  which  a  little  blood  was  got,  also  some  amniotic  and  allan- 
toic fluids.  Used  the  same  suspension  of  washed  rabbit's  corpuscles  (S), 
and  the  same  dilution  of  rabbit's  blood  (S'),  each  containing  5  per  cent 
of  corpuscles,  as  was  employed  in  testing  the  serum  of  the  control  Guinea- 
pig  F.    0.5  c.c.  of  S  or  S'  was  always  used. 

1.  0.1  C.C.  K  serum  +  S.     Good  laking  {not  complete)  in   1  hour  at  Mf.     Still  incom- 

plete after  Zi  hours  at  W  and  15  hours  at  room  temperature.     With  K 
serum,  complete  in  IS  minutes  al  40°.     See  F  (1). 

2.  ai  c.e.  K  serum  +  S'.     Veryslight  laking  in  2  hours  at  40"  and  IS  hours  at  r.K)m 

temperature.     With  F  serum,  complete  in  30  minutes  at  40°.     See  K  (2). 

3.  0  25  C.C.  K  serum  +  S'.     Marked  laking  In  10  minutes  at  40°,  and  good  agglutination. 

4.  0.25  c.c.  amniotic  liquid  -)-  S.  I  No   laking  or  agglutination   in  2t  hours  at   40°. 

5.  0.25  c.c.  allantoic  liquid  +  S.  (      Same  for  S'. 

6.  02  C.C.  K  serum   (healed  to    58°)  +  S.      No  laking    in  2    hours  at   40°.      (lood 

agglutination. 

7.  0.2  c,c.  K  serum  +  S.    Complete  laking  in  30  minutes  at  40°. 
S.    ai  C.C.  embryo's  scrum  4-  S.     No  laking  in  10  minutes  at  40°. 

9.    a2  c,c.  embryo'sserum  +  S.   I  No  laking  in  2  hours  at  40°  and  15  hours  at  room  tem- 

10.  0,3  c.c.  cmbiyo's  serum  +  -S.  t      peiature. 

11.  0.2  c.c.  K  serum  +  S'.      Fair  laking  in  2  hours  at  40°  and  IS  hours  at  room  tem- 

perature, but  far  less  than  in  (7). 
12    02  C.C,  K  serum  {heated  to  60")  +  02  c.c.  \ 

amniotic  liquid  4-  S.  |  Ko  laking    in    3  hours   at    40°.      (No 

13.  0.Z  c.c,  K  serum  I  heated  to  60°) +  02  c.c.  f    complement  in  the  liquids.) 

allantoic  liquid  +  S.  J 

K's  blood  4-  noimal  rabbit's  serum.     Marked  laking  at  40°  in  30  minutes. 
Embryo's  blood  4-  normal  rabbit's  serum.     No  laking  at  40°  in  30  minutes,  nor  in 
1}  hours  at  40*.  but  slight  laking  in  15  hours  at  room  leroperature, 
while  control  with  NaCI  solution  shows  no  laking. 
March  4  ■' 

14.  0.2  c.c.  K  serum  4-  0.5  c.c.  of  a  S  per  cent  suspension  of  dog's  washed  corpuscles. 

No  laking  at  40°  in  1]  hours.     Slight  laking  in  3  hours  at  40°. 

15.  0 2  c.c.  dog's  scrum  4-  05  c.c.  of  a  5  per  cent  dilution  of  K's   blood.      Complete 

laking  at  40°  in  10  minutes. 

16.  02  e.c.  rabbit's  serum  4-  0-5  c.c.  of  a  5  per  cent   dilution  of  K's  blood.     Very  little 

laking  in  10  minutes.     Fair  in  2  hours  at  40°. 

17.  02  C.C.  rabbit's  serum  +  OS  c.c.  of  a  5  per  cent  suspension  of  washed   K's   cor- 

puscles.    No  taking  in  10  minutes,  good  laking  in  2  hours  al  40°. 
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IS.    0-2 c.c  dog's  serum  +  05  c.c.  of  a  5   per  cent   suspension  of   washed    K's  cor. 

puacles.     Complete  laking  in  10  minutes  al  40°. 
19.    0  2  c.c.  K  serum  +  0-2  cc.  dog's   seturo  -f  0.5  c.c,  of  a  5  per  cent  suspension  of 

dog's  washed  corpuscles  (the  same  as  was  used  in  F  (5)  and  K  i^) ).     No 

laking  at  40=  in  1  j  hours.     Some  laking  at  40»  in  3  hours,  hut  even  after 

16  hours  at  room  temperature  laking  is  not  maiked. 
The  rabbit's  serum  was  the  same  as  that  used  in  K  (4|,  (7).  (Si.  and  (10). 

Ordnsa-plg  O.  Feb.  9.  —  Injected  partly  i  ntra  peri  ton  eally  and  partly  subcii- 
uneotisly  the  haemoglobin-containing  liquid  from  rabbit's  washed  cor- 
puscles (corresponding  to  8  c.c.  of  Wood)  lalted  with  a  minimum  of 
distilled  water  and  centrifugalizcd  for  a  long  time. 

Jvd.  IS. —  Has  not  been  looking  well  for  3  days.  A  considerable 
abscess  was  found  on  the  back,  not  in  the  position  of  the  injection 
puncture.  Opened  and  washed  with  corrosive  sublimate  and  then  boiled 
water. 

Fe^.  19.  —  Is  dying.  Got  blood  and  separated  the  serum  at  once.  No 
pathological  lesion  except  the  abscess  could  be  found.  Used  a  10  per  cent 
suspension  of  rabbit's  defibrinated  blood  (unwashed). 

O's  serum  +  suspension.  Very  fair  laking  in  1}  hours  al  40°,  not  quite 
complete  in  16  hours  at  room  temperature. 

0"s  serum  (heated  to  58°)  +  suspension.  Good  agglutination.  No 
laking. 

Normal  guinea>pig's  serum  H- suspension.  No  laking  in  1}  houri  at 
40°  and  16  hours  at  room  temperature. 

/>*.  24-  —  0.15  c.c.  of  O's  serum  (kept  in  ice-chest  5  days)  +  0.5  c.c. 
of  a  5  per  cent  suspension  of  rabbit's  washed  corpuscles  +  rabbit's  serum. 
Some  laking  in  i^  hours  at  40°.     Fair  laking  in  3  hours  at  40°. 
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THE  ACTION  OF  INTRAVENOUS  INJECTIONS  OF  GLAN- 
DULAR   EXTRACTS     AND     OTHER    SUBSTANCES 
UPON  THE  BLOOD-PRESSURE. 

By   WALTER   W.    HAMBURGER. 

[Frt>m  Ihi  Hull  Phyiielogiea/  Lnbatatcry,  Utih'frs:ty  a/ Ckiiage] 

OLIVER  and  Schafer, '  in  1894,  showed  that  intravenous  injection 
of  a  very  small  quantity  of  an  aqueous  extract  of  the  medullary 
substance  of  the  suprarenal  capsule  produced  a  great  rise  of  arterial 
pressure.  Since  that  time  many  investigators  have  tried  the  effects 
of  variou.s  tissue-extracts  on  the  blood-pressure. 

In  the  light  of  the  recent  results  of  Pawlow'  and  others  on  the 
activation  of  trypsinogen  by  cnterokinase,  and  of  Cohnheim^  on 
the  marked  increase  which  takes  place  in  the  glycolytic  action  of 
muscle  and  pancreas  when  combined,  it  seemed  to  me  of  some 
interest  to  try  whether  one  internal  secretion  might  not  exert  a 
similar  activating  effect  on  another. 

With  this  view  I  made  a  considerable  number  of  experiments 
to  determine  the  mutual  action  on  the  blood -pressure  of  the  active 
substances  of  various  organs  and  tissues  when  injected  together 
or  successively.  I  thought  it  well  to  begin  with  the  active  substance 
which  is  best  known  of  all  those  hitherto  investigated  in  tissue- 
extracts,  viz.,  adrenalin,  and  to  combine  with  it  a  substance  capable 
of  exerting  by  itself  a  definite  and  comparatively  well-studied  action 
on  the  blood-pressure,  and  opposite  to  the  action  produced  by 
adrenalin,  viz.,  albumose  or  peptone. 

In  addition  to  these  experiments,  I  injected  saline  extracts  of 
the  kidney,  pancreas,  liver,  thyroid,  and  pituitary  body,  singly  and 
combined    in    various   proportions,  with   varying   intervals   between 

'  Oliver  and  Schafek  :  Journal  of  physiology,  1894,  xvi,  p.  i. 

'  Pawlow:  Le  travail  des  glandes  digestives,  Paris,  1901. 

•  CoHNHEiM  :  Zeitschritt  fiir  physiologische  Chemie,  1903,  xxxix,  p.  336. 
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the  time  of  mixing  them  and  the  time  of  injection.  The  results, 
with  the  exception  of  the  work  on  the  pituitary,  are  not  enough 
to  warrant  publication  at  this  time,  and  will  be  reserved  for  a 
later  paper. 

In  this  paper  I  shall  give  the  results  of,  (1)  experiments  upon  the 
simultaneous  injection  of  adrenalin  and  peptone;  (2)  experiments 
upon  injection  of  extracts  of  the  pituitary  body;  and  (3)  experi- 
ments to  determine  i(  possible  the  mode  of  action  of  some  of  the 
above-named  agents  on  the  lumina  of  vessels. 

Part  I.  The  Effects  of  Simultaneous  and  Successive 
Intravascular  Injections  of  Adrenalin  and  Peptone, 
Following  the  publication  of  Oliver  and  Schafer's  paper  referred 
to  above,  many  papers  dealing  with  the  same  subject  appeared,  the 
most  important  of  w^ich  were  those  of  Cybulski  and  Syzmonowicz,' 
Oliver  and  Schafer,  ^  Syzmonowicz,^  E.  v.  Cyon.*  Lewandowsky,* 
Boruttau,'  Salvioti  and  Pezzolini,^  Salvloli,*  S.  J.  and  Clara  Meltzer.* 
As  a  result  .of  the  endeavors  of  these  experimenters,  a  number 
of  facts  have  been  definitely  established  and  verified.  Of  these, 
the  following  have  a  direct  bearing  on  the  experiments  about  to  be 
described, 

1.  Extracts  of  the  suprarenal  substance  cause  upon  intravenous 
injection  a  marked  contraction  of  the  smaller  arteries. 

2.  A  rise  of  blood-pressure  is  experienced  upon  injection  of  such 
an  extract,  even  when  the  vagi  arc  intact.  With  cut  vagi,  this  rise 
becomes  very  much  greater. 

3.  With  cut  vagi  the  injection  causes  augmentation  and  acceleration. 

4.  The  above  results  may  be  obtained  by  use  of  any  of  the  following : 
a.  Aqueous,  saline,  alcoholic,  or  glycerine  extracts  of  the  fresh  or  dried  glands 
t.     Epinephrin  (Abel). 

(-.    Adrenalin  (Takamine). 

1  Cybulski  and  Syzmonowicz  :  Wiener  medicinische  Wochenschrift,  1896, 
xlvi.  pp.  214,  255. 

^  Oliver  and  Schafer  ;  Journal  of  physiology,  1895,  xviii,  pp,  230-279. 

•  SvZHONOWicz  :  Archiv  fiJr  die  gesammte  Physiologic,  1896,  Ixiv.  p. 97. 
'  CVON  :  Ibid.,  1899,  Ixjtrv,  p.  97. 

'  Lewandowsky:  Centralblatt  fiir  Physioiogie,  1S99,  xii,  p.  599. 

•  BoRtiTTAU  :  Archiv  fur  die  gesammte  Physiologie,  1899,  Ixxviii,  p.  97. 

^  Salvioli  and  Pbzzolini  :  Archives  italiennes  de  biologic,  1902,  xxxvii,  p.  380. 
'  Salvioli  ;  Jiiii.,  1902,  xxxvii,  pp,  383, 390. 

•  Meltzer  ;  This  journal,  1903,  ix.  p.  147. 
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Peptones  and  albumoses  exert  on  the  organism:  first,  a  narcotic 
action,  resembling  that  of  chloroform;  second,  an  anti-coagulant 
effect,  when  injected  intravenously ;  and  third,  an  effect  on  the  blood 
pressure  (Schmidt-Miilheim  '  and  Pollilzer').  The  first  two  ac- 
tions liave  no  immediate  connection  with  the  third  (the  one  with 
which  this  paper  deals),  and  therefore  will  not  be  considered.  W.  H. 
Thompson  ^  made  a  minute  investigation  of  the  relation  of  pep- 
tones to  blood-pressure,  bringing  out  many  interesting  points  which 
have  been  subsequently  verified  by  other  physiologists.  The  follow- 
ing two  are  of  particular  interest  to  the  problem  in  hand: 

1.  In  doses  as  low  as  15-10  mgm.,  Witte's  peptone  produces 
a  fall  of  blood-pressure. 

2.  All  the  ingredients  of  Witte's  peptone,  with  the  exception  of 
anti-peptone,  possess  undoubted  vasodilating  properties. 

With  these  points  as  to  the  contrasted  activities  of  suprarenal 
extracts  and  peptones  clearly  in  mind,  I  shall  describe  ray  ex- 
periments. 


Methods. 

In  all  of  my  injections  I  used  Parke,  Davis,  &  Company's  solution 
of  adrenalin  chloride  i-iooo,  diluted  fifty  times  with  0.9  per  cent  salt 
solution.  The  peptone  was  injected  as  a  10  per  cent  solution  of 
Witte's  peptone  in  0.9  per  cent  sodium  chloride.  As  a  routine 
procedure,  I  used  10  c.c.  of  each  of  the  above  solutions,  except 
where  otherwise  mentioned.  The  solutions  were  injected  alone  or 
combined,  the  proportion  of  the  two  constituents  being  varied  at 
will;  they  were  always  made  up  fresh  for  each  experiment,  and  when 
simultaneously  used  were  combined  just  before  the  injection  took 
place.  The  injections  were  all  made  on  dogs  averaging  from  9  to 
II  kilos  in  weight.  The  dogs  were  anaesthetized  with  ether,  having 
previously  received  a  hypodermic  of  a  2  per  cent  morphine  solution 
in  amounts  of  i  c.c.  for  every  kilogram  of  body-weight.  The 
solutions  were  run  into  the  right  femoral  vein  by  hydrostatic 
pressure.  The  tracings  were  taken  from  the  left  carotid  with  the 
usual  mercurial  manometer,   2   per  cent  solution  of  sodium   citrate 

'   Schmidt- MiJLHEiM  :  Arcliiv  fiir  Physiologic,  1879,  p.  39. 
'  FoM.iTZER  ;  Journal  of  physiology,  1886,  vii,  p,  183. 
»  Thompson  :  Ibid.,  1896,  xx,  p.  45s  ;   1899,  xxiv,  p.  374. 
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being  used  as  a  wash  solution  for  tubes  and  cannula;.^  Before  any 
tracings  were  taken,  the  vagi  on  both  sides  were  cut.  In  all,  twenty- 
two  injections  were  made. 

Results. 

The  combined  action  of  adrenalin  and  peptone  is  as  follows :    The 

first  effect  noted  after  the  injection  of  a  mixture  of  the  two  solutions 

is  an    immediate   rise   of  blood-pressure.     This   is  accompanied  by 

the  usual  augmentation  peculiar  to  adrenalin  when  the  vagi  are  cut. 


Figure  1.  —  Kxperimenl  16. 
X,  point  of  injection  of  tO  c 
CrcatGBt  rise,  60  tnin.  mer< 
The  straight  line  is  the  lin 


Table  I.  November  27,  IW3.  Left  carotid  tracing. 
:,  of  a  solution  conlaimng  5  c.c.  peptone  and  5  c.c.  adrenalin, 
ury.  greatest  fall,  22  mm.,  from  (tie  original  mean  pressure. 

of  mean  pressure  at  the  beginning  of  the  experiment. 


This  rise  is  only  transient  and  is  immediately  followed  by  a  fall  of 
pressure  below  that  at  the  beginning  of  the  experiment.  This  fall 
is  accompanied  by  a  weakened  heart-beat.  Gradually  the  pressure 
re-approaches  the  normal,  the  low  pressure  persisting  longer,  how- 


FICURE  1  — Experiment  17.  Table  [.  November  27.  1903.  l-eft  carotid  tracing. 
Shows  tracing  due  to  the  injection  of  IS  c  c.  of  a  solution  containing  11.25  cc.  pep- 
tone and  3.75  c  c.  adrenalin.  Greatest  rise,  43  mm.  mercury,  greatest  fall,  80  mm., 
original  mean  from  pressure.  The  figure  shows  only  the  last  two-thirds  of  the  tracing, 
the  point  of  injection  and  initial  rise  having  been  cut  off. 


1  Eight  r 
interval  sometimes  w 


1  average  elapsed  bet  wee  ti 
)  short  as  live 


iDjeciions. 
prolonged  to  nine 


This 
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ever,  than  the  earlier  rise.  The  amount  of  fall  or  rise  stands  in 
direct  relation  to  the  amounts  of  adrenalin  and  peptone  injected. 
Both  effects  arc  always  present,  and  may  be  noted  notwithstanding 
that  in  some  cases  a  large  excess  of  one  or  the  other  constituent 
is  used.  Further,  the  adrenalin  effect  is  always  noted  first,  the 
peptone  fall  coming  in  subsequent  to  it. 

Figures    i   and  2    illustrate  the  above   points.     Table    I   contains 
the  results  of  five  such  experiments. 


TABLE   I, 

A..kl-l.At..K. 

pEi-i-o 

NK. 

Ex  peri  mem 

number. 

Amuunl  injected 

Kiwinmm.  of 
merturj-. 

Amuunl  injected 

Fall  in  mm.  at 

16 

.S-OO 

60 

5.00 

22 

17 

3.75 

48 

11.25 

80 

18 

C.37S 

60 

10625 

54 

19 

."i.OO 

SO 

1000 

Not  taken 

20 

320 

M 

16.S0 

.10 

This  table  shows  a  fairly  uniform  proportion  between  the  amount 
of  substance  injected  and  the  fall  or  rise  obtained.  The  lessening 
in  the  absolute  amount  of  fait  in  the  last  three  experiments  is  due 
to  general  loss  of  lone  of  the  vascular  system,  as  shown  by  the  per- 
sistent low  blood-pressure.  This  was  substantiated  by  the  next  two 
experiments,  21  and  22.  In  these  tracings  the  pressure  was  so  low 
that  the  injection  of  as  much  as  8.85  c.c.  peptone  in  two  successive 
injections  caused  no  further  fall  of  pressure.  On  the  other  hand, 
concomitant  injection  of  as  tittle  as  1.15  c.c.  adrenalin  caused  a 
demonstrable  rise. 

The  experiments  cited  above,  together  with  a  number  of  others, 
show  that  the  blood -pressure  responds  to  a  long-continued  series 
of  injections  of  adrenalin  better  than  it  does  to  a  similar  series  of 
injections  of  peptone.  And  further,  the  action  of  peptone  persists 
for  a  much  longer  time,  finally  (after  several  injections  of  medium 
or  large  doses)  causing  a  permanent  vasodilatation  to  such  a  degree 
that  further  injection  will  not  affect  the  pressure.     However,  even 
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when  such  an  extreme  vasodilatation  is  reached,  adrenalin  always 
causes  a  constriction  sufficient  to  raise  the  pressure  to  a  marked 
degree.  On  the  other  hand,  when  even  a  small  adrenalin  rise  was 
taking  place,  a  large  peptone  injection  caused  no  lessening  of  the 
rise,  and  the  characteristic  fall  associated  with  peptone  action  was 
not  seen  until  the  adrenalin  rise  had  persisted  for  its  normal  period. 

These  differences  t}etween  the  action  of  adrenalin  and  peptone  are 
of  interest  in  connection  with  the  question  discussed  in  Part  III, 
whether  adrenalin  and  peptone  act  on  the  nervous  or  on  the  muscular 
elements  of  the  vessel  wall,  and  will  be  referred  to  again  in  that  part 
of  the  paper. 

Part  II,  The  Effects  of  Intravascular  Injection  of  Extracts 
OF  THE  Pituitary  Body. 

Oliver  and  Schafer  '  obtained  a  rise  of  blood-pressure  on  injection 
of  pituitary  extracts,  occurring  more  slowly  and  being  maintained 
longer  than  that  brought  about  by  suprarenal  extract.  They  found, 
further,  that  pituitary  extract  was  less  active  than  suprarenal. 

Syzmonowicz,^  who,  however,  performed  only  two  experiments, 
obtained  results  opposed  to  those  of  Oliver  and  Schafer,  viz.,  a  slight 
lowering  of  the  blood-pressure  instead  of  a  rise. 

The  discrepancy  seemed  to  be  explained  by  Howell's^  observa- 
tion that  while  extracts. of  the  large  anterior  or  hypophyseal  lobe 
caused  little  or  no  perceptible  change  in  blood -pressure  or  heart- 
rate,  extracts  of  the  small  posterior  or  infundibular  lobe  caused  an 
increase  of  pressure,  accompanied  by  a  slowing  of  the  heart.  He 
showed  further  that  the  result  of  one  dose  is  to  diminish  or  even 
annul  the  action  of  a  second. 

Schafer  and  Vincent  *  came  to  the  following  conclusions: 

1.  The  infundibular  lobe  contains  two  active  substances,  a  pressor 
and  a  depressor,  the  former  soluble  in  salt  solution  and  insoluble  in 
alcohol  and  ether,  the  latter  soluble  in  all  these  solvents. 

2.  The  characteristic  eflects  of  extracts  of  the  infundibular  lobe  are 
probably  not  due  to  the  gray  nervous  matter  of  which  it  is  largely 
composed. 

3.  The  pressor  substance  acts  both  upon  the  heart  and  upon  the 

'  Oliver  and  Schafer  :  Journal  of  physiology,  1895,  xviii,  p.  276. 

'  SvZMONOWicz  :  Archiv  fiir  die  gesammte  Physiologic,  1896,  Ixiv,  p.  97. 

■  Howell  :  Journal  of  experimental  medicine,  [898,  iii,  p.  245. 

*  Schafer  and  Vincent:  Journal  of  physiology,  1899,  xxv,  p.  87, 
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peripheral  arteries.  Its  action  is  a  prolonged  one;  the  action  of 
the  depressor  is  evanescent. 

4.  The  pressor  effect  may  be  accompanied  by  cardiac  slowing. 

In  addition,  Osborne  and  Vincent,' .Halliburton,*  Schafer  and 
Magnus,'  and  Golla'  have  experimented  upon  injections  of  the 
gland,  but  their  results  have  no  direct  bearing  upon  the  subject 
as  I  have  taken  it  up. 

Methods. 

The  methods  followed  were  similar  to  those  employed  in  the  work 
described  in  Part  I,  except  as  to  the  nature  of  the  solvents.  The 
fresh  material  was  obtained  as  needed  from  the  skulls  of  oxen,  through 
the  courtesy  of  Swift  and  Company,  Union  Stock  Yards.  Saline 
extracts  at  room-temperature  were  separately  made  of  the  infundibu- 
lar and  hypophyseal  lobes,  and  were  injected  singly  and  combined 
with  each  other.  The  two  lobes  were  carefully  isolated,  panicular 
care  being  taken  to  separate  cleanly  the  infundibular  process  (the 
stalk  uniting  the  infundibular  lobe  to  the  infundibulum  proper)  from 
the  enveloping  hypophysis.  This  point  of  most  intimate  union 
between  the  two  lobes  was,  for  a  number  of  experiments  (see 
Table  V),  excised,  with  a  safe  margin  of  tissue  on  either  side,  and  the 
remnants  of  the  two  lobes,  now  free  beyond  question  from  mutual 
contamination,  as  regards  the  morphological  elements  at  any  rate, 
were  extracted  singly. 

Besides  the  saline  extracts,  glycerine,  alcoholic,  and  ether  extracts 
of  the  dried  material  were  made  at  room-temperature.  The  alcohol 
and  ether  extracts  were  made  as  follows:  dried  hypophyseal  and  in- 
fundibular lobes  were  extracted  with  95  per  cent  alcohol,  the  extract 
filtered,  and  the  alcohol  allowed  to  evaporate.  The  residue  was  then 
treated  with  ether,  which  took  up  a  portion  of  it  and  left  a  portion  in 
the  dish.  This  second  residue,  after  decanting  off  the  supernatant 
ether  solution  (see  below),  dissolved  readily  in  0.9  per  cent  salt 
solution,  the  saline  extract  of  hypophysis  constituting  solution  No. 
I  (to  be  referred  to  later.  Table  IV),  while  the  saline  extract  of  in- 
fundibulum constituted  Solution  No.  2. 

The  ether  solution  was  then  filtered,  and  the  filtrate  evaporated,  the 

'  OSBOHNE  and  VINCENT ;   British  medical  journal,  March  3,  1900.  p.  38. 

*  Halliburton  :  Journal  of  pliysiology,  1901,  xxvi,  p.  229. 

"  Schafer  and  Magnus;  Jonrnal  of  physiology,  i9ot,  xxvii,  p.  ix. 

*  Golla:  Lancet,  Feb,  15,  1902,  p,  442. 


byGoogle 


The  Action  of  Intravenous  Injections. 


289 


residue  being  suspended  in  0.9  per  cent  salt  solution,  in  which  it  dis- 
solved but  slightly.  This  saline  suspension  of  hypophyseal  material 
constituted  Solution  No.  3 ;  that  of  the  infundibular  lobe,  Solution 
No.  4. 

In  all,  thirty-six  injections  were  made. 

Results. 

The  results  are  given  in  Tables  Il-V. 

In  Experiment  i,  Table  II,  is  seen  a  characteristic  fall  produced  by 
injection  of  10  c.c.  of  a  saline  extract  of  the  hypophyseal  lobe.  The 
blood -pressure  fell  from  126  to  58  mm,  of  mercury  in  thirty-four 
seconds  after  the  start  of  the  injection  —  thirteen  seconds  being  con- 


Figure  3.  — Eiperimenl  1.  Table  II.  February  Z,  1904.  Left  carotid  tracing.  lOc.c. 
saline  extract  hypophysis  injected.  Pressure  fell  from  126  rnm.  Hg  to  58  mm.,  and 
then  rose  to  88  mm.  Pulse  at  slari,  lOS.  After  in  (eel  ion,  132.  Note  weakened 
heart  action.     Time  marks  on  base  line  muk  seconds. 

sumed  in  the  injection  of  the  solution.  This  fall  was  accompanied  by 
an  acceleration  of  from  132  to  108  beats  per  minute,  together  with  a 
weakened  heart  action.  Figure  3  illustrates  this  experiment.  Simi- 
lar results  are  shown  in  Experiment  t.  Table  III,  the  fall,  however, 
being  succeeded  by  a  slight  rise  of  4  mm.,  which  may  be  due  to  a 
specific  pressor  substance  or  simply  to  the  reaction  of  the  vessels 
following  the  great  fall  of  46  mm. 

Experiment  2,  consisting  of  an  injection  of  infundibular  extract, 
followed  Experiment  I,  producing  a  marked  rise  in  blood-pressure. 
The  pressor  effect  and  slowing  of  the  pulse  agree  with  Schafer  and 
Vincent's  results.' 

'  Schafer  aod  Vincent:  Loc.  cit. 
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Experiment  2,  Table  III,  shows,  after  the  rise  of  pressure  produced 
by  injection  of  infundibular  extract,  an  interesting  secondary  fall, 
which  may  be  caused  by  the  presence  of  a  depressor  substance. 
Such  a  secondary  fall  is  analogous  to  the  combined  effect  of  the 
simultaneous  injection  of  chemically  distinct  pressor  and  depressor 
substances  (adrenalin  and  peptone),  investigated  in  Part  I  of  this 
paper. 

In  Experiment  3,  Table  II,  a  second  injection  of  hypophyseal 
extract  produced  no  effect  on  the  blood-pressure,  as  always  happens 


Ficure4.  — Experiment  7.     Table  11.     Left  carotid  tracing.    25  c.c.a9  per  cent  solution 

of  sodium  chloride  injected  as  a  control  to  show  the  mechanical "  injection  rise  "  (Ex- 
periment 7,  Table  II). 

if  the  second  injection  is  made  immediately  after  the  first.  The  same 
result  was  obtained  in  Experiment  6,  Table  II,  and  in  Experiments  5, 
8,  and  9.  Table  III. 

This  absence  of  change  in  the  pressure  is  analogous  to  a  similar 
phenomenon  noticed  in  the  case  of  the  infundibular  lobe  by  Schafer 
and  Vincent,  on  injection  of  repealed  doses  of  infundibular  extracts. 
Sometimes,  however,  they  obtained  s.fall  of  pressure  instead  of  the 
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pressor  effect  which  the  first  dose  gave.  They  explain  the  depressor 
action  by  the  presence  of  a  specific  depressor  substance  in  the  pos- 
terior lobe.  I  shall  refer  again  to  this  phenomenon  in  the  case  of  the 
anterior  lobe,  in  mentioning  some  later  experiments,  In  Experiment  4, 
Table  II.  a  second  injection  of  infundibular  extract  gave  but  a  slight 
rise  of  16  mm.  Hg,  while  a  rise  of  56  mm.  was  caused  by  the  first 
injection.  In  Experiments  3  and  6,  Table  III,  a  second  injection 
was  followed  by  an  initial  fall,  with  no  pressor  effects  whatever. 

The  experiments  in  Table  IV  were  undertaken  to  determine  if 
possible  whether  the  active  principle  which  the  previous  work  had 
shown  to  exist  in  the  anterior  lobe  could  be  approximately  isolated 
with  alcohol  and  ether.  Such  was  found  to  be  the  case,  and  in 
addition  a  number  of  interesting  accessory  features  were  revealed. 

A  saline  extract  of  the  peculiar  orange-yellow,  semi-translucent, 
hyaline  substance  often  found  in  varying  amounts  between  the  two 
lobes  was  injected,  with  negative  results  (Experiment  1,  Table  IV). 
This  colloidal  substance  was  sometimes  in  a  liquid,  extremely  viscous, 
and  gelatinous  state,  while  in  other  instances  it  had  solidified  to  form 
a  firm  plate  which  followed  the  contour  of  the  contiguous  lobes.  It 
was  found  to  be  practically  insoluble  in  cold  or  boiling  acid  and 
alkali,  as  well  as  alcohol,  ether,  chloroform,  etc. 

In  Experiment  2,  Table  IV,  Solution  No.  1  of  the  hypophyseal  lobe 
caused  a  measurable  fall  ( ig  mm.),  and  a  subsequent  rise  to  i  iS  mm. 
of  pressure.  This  rise  is  of  interest,  inasmuch  as  an  analogous  rise 
was  obtained  in  Experiment  i,  Table  III,  by  using  the  saline  extract. 
I  immediately  injected  a  second  dose  of  Solution  No.  1  (Experiment  3. 
Table  IV),  and  instead  of  getting  no  change  in  pressure,  as  in  the 
case  of  the  saline  extract,  the  pressure  fell  28  mm,,  and  was  followed 
by  a  rise  to  i^y  mm.  Apparently,  then,  the  second  injection  of  an 
alcoholic  extract  of  the  dried  lobe,  after  the  removal  of  those  portions 
of  it  which  are  soluble  in  ether,  will  produce  a  fall  of  pressure,  even 
when  made  immediately  after  the  first.  These  experiments,  like 
Experiment  1,  Table  III,  already  discussed,  may  perhaps  indicate  the 
presence  of  a  pressor  substance  whose  action  in  this  case  manifests 
itself  subsequently  to  the  fall,  instead  of,  as  is  usual,  preceding  it.  The 
ability  of  this  alcoholic  extract  to  produce  a  fall  of  pressure  on  suc- 
cessive injections  may  indicate  that  some  "inhibitory  substance" 
present  in  the  saline  extract  had  been  eliminated.  Moreover,  the 
coincidence  that  this  fall  produced  by  injection  of  the  alcoholic 
extract  was  succeeded  by  a  rise,  may  point  to  an  intimate  relation 
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between  the  absence  of  this  inhibitory  substance  and  the  pressor 
effect. 

Experiments  4  and  5,  Table  IV,  confirm  Schafcr  and  Vincent's 
statement  that  the  pressor  substance  is  insoluble  in  alcohol  and  that 
the  depressor  effect  may  be  obtained  on  repeating  the  injections. 

Experiments  7-9,  Table  IV,  show  no  characteristic  fall  on  injection 
of  Solution  No.  3,  though  there  is  a  slight  fall  in  the  case  of  the  last 
two.  The  depressor  substance  is,  therefore,  apparently  absent  from 
this  solution,  being  insoluble  in  ether  and  soluble  only  in  alcohol  and 
salt  solution.  Of  course  the  possibility  must  be  granted  that  a 
depressor  substance  might  be  present  in  the  solution,  and  yet  be 
inactive  in  an  animal  submitted,  as  this  dog  was,  to  repeated  previous 
injections  of  Solutions  1  and  2,  just  as  we  find  that  the  saline  extract 
was  inactive  on  a  second  injection. 

The  ether-soluble  part  of  the  alcoholic  extract  of  the  infundibulum 
(Solution  4)  produces  the  characteristic  depressor  fall,  as  shown 
by  Experiments  10  and  11,  Table  IV,  this  fall  being  more  marked, 
if  anything,  than  the  fail  produced  by  the  alcoholic,  ether-insoluble 
portion  (confirmatory  of  Schafer  and  Vincent,  though  a  new  detail 
in  technique  is  added,  viz.,  the  separation  of  the  ether-soluble  and 
ether-insoluble  substances  of  the  alcoholic  extract). 

In  Experiments  13  and  14,  Table  IV,  glycerine  extracts  were  used 
simply  for  the  sake  of  completeness.  The  initial  fall,  which  occurs 
very  abruptly,  is  due  to  the  glycerine  alone,  as  shown  by  control 
experiments  (Halliburton'),  while  the  subsequent  secondary  fall 
is  due  to  the  depressor  substance  exlractad  by  the  glycerine. 

The  experiments  in  Table  V  were  undertaken  to  decide  whether 
the  depressor  effect  invariably  produced  by  the  anterior  lobe  was  due 
to  intrinsic  substances  in  its  cells  and  not  to  any  possible  mixture 
with  the  depressor  substances  of  the  posterior  lobe.  \ 

Experiment  i.  Table  V,  shows  that  the  injection  of  a'saline  extract 
of  the  anterior  lobe  from  which  the  posterior  portion  in  contact 
with  the  infundibular  lobe  had  been  removed,  produces  a  character- 
istic fall  of  28  mm.  of  mercury,  thus  forcing  the  conclusion  that 
the  active  agent  is  an  integral  constituent  of  the  lobe  in  question. 
Two  successive  injections  of  the  same  solution,  given  immediately, 
failed  to  produce  a  fall,  entirely  in  accord  with  many  other  similar 
trials  described  earlier. 

'  Hallibuktok;  Lec.eit. 
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Following  the  last  of  these  injections,  twenty-five  minutes  were 
allowed  to  elapse,  in  order  to  see  whether  a  fall  could  then  be  pro- 
duced by  a  further  injection.  During  this  period  the  pulse  was 
slightly  increased  and  the  pressure  slightly  decreased.  A  fourth 
injection  of  hypophyseal  extract  was  now  made,  with  the  result 
that  a  distinct  fall  of  .10  mm.  of  pressure  was  recorded,  lasting  for 
three-fourths  of  a  minute. 

This  suggests  again  that  some  definite  substance  is  present  along 
with  the  depressor  substance,  which  prevents  a  second  injection 
(given  immediately)  from  producing  an  effect,  and  further,  that 
this  "inhibitory"  substance  is  slowly  removed  (by  oxidation  or  other 
process)  from  the  blood-stream,  or  at  least  loses  its  "inhibiting" 
influence  if  allowed  to  remain  for  a  certain  period  in  the  body.  And, 
as  shown  earlier,  this  inhibitory  substance  is  not  present  in  the 
ether-insoluble  part  of  the  alcoholic  extract  of  the  dried  lobe  (Solu- 
tion No.  1).  The  fact  that  this  inhibitory  substance  always  manifests 
itself  in  successive  injections  of  the  hypophyseal  lobe  except  in 
(1)  successive  injections  of  Solution  No.  i,  and  in  (2)  injections  of 
saline  extracts  when  a  considerable  time  interval  has  elapsed  between 
successive  injections,  may  explain  why  previous  investigators  failed  to 
get  a  depressor  effect.  In  view  of  the  fact,  however,  that  no  details 
are  given  in  the  papers  quoted,  regarding  the  experiments  on  the 
hypophyseal  lobe,  the  above  explanation  can  merely  be  offered  as  a 
suggestion. 

1  now  wish  to  speak  briefly  of  the  results  of  the  injection  of 
combined  extracts  of  the  two  lobes.  In  Experiment  5,  Table  II,  and 
Experiment  7,  Table  III,  injections  of  a  mixture  of  saline  extracts  of 
both  lobes  were  made.  No  decided  results  were  obtained,  there 
being  a  slight  initial  rise  followed  by  a  measurable  fall  in  each  case, 
the  sequence  of  which  conforms  to  that  of  adrenalin  and  peptone. 

In  Experiment  6,  Table  IV,  a  combmed  solution  of  Extracts  No.  i 
and  No.  2  was  used,  and  in  Experiment  12,  Table  IV,  a  combined 
solution  of  Extracts  No.  3  and  No.  4.  In  each  case  a  decided  fall 
was  observed,  which  might  be  explained  by  the  absence  of  the 
"  inhibitory  substance,"  as  well  as  the  pressor  substance. 

Part  III,     Do  Adrenalin  and  Peptone  act  on  the  Nervous  or 

Muscular  Apparatus  of  the  Vessel  Wall  ? 

When  any  substance  capable  of   affecting   the   blood-pressure  is 

injected  intravenously,  it  may  cause  a  change  in  the  lumen  of  the 
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vessel  by  (i)  setting  up  a  reflex,  thus  involving  the  vasomotor  centres 
in  the  medulla;  (2)  direct  stimulation  of  vasomotor  nerve  endings  in 
the  vessel  wall ;  or  (3)  direct  stimulation  of  the  muscular  elements  of 
the  vessel  wall  without  the  intervention  of  any  nerve  ending  or  fibre. 

Schafer  and  Oliver'  in  regard  to  suprarenal  extract,  write  as  fol- 
lows: "That  the  contraction  of  the  arterioles  is  due  to  direct  action 
of  the  active  principle  of  the  gland  (suprarenal)  upon  the  muscular 
tissue  of  the  blood-vessels  is  shown  by  the  experiment  of  perfusing 
through  the  blood-vessels  of  the  frog  Ringer's  circulating  fluid  con- 
taining suprarenal  extract  after  the  nervous  system  had  been  de- 
stroyed ;  it  is  also  demonstrated  by  the  fact  that  it  occurs  equally 
well  after  section  of  the  spinal  cord,  and  after  section  of  the  nerves 
going  to  the  limb." 

Against  this  view  Cybulski  and  Syzmonowicz,"  and  also  E.  v.  Cyon.* 
state  that  the  marked  rise  of  blood-pressure  is  due  to  stimulation  of 
the  vasomotor  centres,  and  not  to  direct  action  on  the  vessels. 

Lewandowsky,*  however,  showed  that  the  intravascular  injection 
of  suprarenal  extract  produced  a  contraction  of  smooth  muscles  of  the 
eye  (cat),  even  after  the  connection  with  the  central  nervous  system 
had  been  destroyed  by  excising  the  superior  cervical  and  jugular 
ganglia,  attended  with  concomitant  degeneration  of  nerve  fibres  and 
endings.  Oliver  and  Schafcr's  hypothesis  was  further  substantiated 
by  BoruCtau,^  although  working  along  other  lines,  and  again  by  Sal- 
violi*  in  1903. 

S-  J.  and  Clara  Meltzer,'  in  1903,  removed  the  superior  cervical 
ganglion  in  rabbits,  and  cut  the  third  cervical  nerve  and  its  connect- 
ing branches,  thereby  depriving  the  blood-vessels  of  the  car  on  the 
operated  side  of  all  central  innervation.  On  the  day  of  the  oper- 
ation, and  again,  after  an  interval  of  seven  days,  they  injected  adren- 
alin intravenously,  with  the  following  results  : 

I.  The  degree  of  constriction  which  blood-vessels  attain  under 
the  influence  of  adrenalin  in  the  ear  on  the  operated  side  is  about  the 
same  as  that  of  the  ear  on  the  normal  side. 

'  OUVER  and  SCh^fer  :  Journal  of  pliysiolgy,  1895,  xviii,  p.  230. 
'  CVBULSKI  and  Svzmonowicz:  ice.  cil. 

•  CVON,  E.  v.:  Loc.  ctl. 

'  Lewandowskv:  Loc.cit. 

•  BOBUTTAU:  1.0c.  at. 

•  Salvioli  :  Archives  italiennes  de  biologk,  1902,  xxxvii,  p.  390. 
'  Meltzer  :  Lee.  cit. 
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2.  The  constriction,  however,  sets  in  later,  and  develops  more 
slowly  on  the  operated  side  than  on  the  non-operated  side. 

3.  On  the  normal  side  constriction  is  usually  followed  by  a  moder- 
ate but  distinct  vasodilatation.  Such  an  effect  is  absent  on  the 
operated  side. 

4.  On  the  operated  side  constriction  lasts  longer  than  on  the  non- 
operated  side. 

In  a  later  communication  ^  they  say  that  in  normal  rabbits  a  large 
distinctly  poisonous  dose  of  adrenalin,  injected  subcutaneously,  causes 
blanching  of  the  cars  ;  a  medium  dose  causes  a  moderate  but  distinct 
dilatation  of  the  blood-vessels.  In  rabbits  in  which  the  vasomotor 
nerves  were  cut  on  one  side,  a  medium  dose  induced  a  distinct  con- 
traction of  the  vessels  on  the  operated  side,  and  a  dilatation  on  the 
non-operated. 

In  a  preliminary  report^  of  experiments  elaborating  the  work  of 
Lewandowsky  on  the  dilatation  of  the  pupil  produced  by  suprarenal 
extracts,  the  same  observers  stated  the  results  of  subcutaneous  injec- 
tion and  subconjunctival  instillation  of  adrenalin  upon  the  pupils  of 
rabbits  whose  superior  cervical  ganglion  had  been  removed.  They 
found  that  subcutaneous  injection  or  installation  into  the  conjunc- 
tival sac  of  a  medium  dose  produces  a  maximum  dilatation  on  the 
ganglion-free  side,  but  no  dilatation  on  the  normal  side.  They 
showed  further  that  the  entire  ganglion  must  be  removed,  for  if  only 
two-thirds  are  removed,  or  if  only  the  connecting  nerves  be  severed, 
adrenalin  produces  no  such  effect. 

Brodie  and  Dixon'  have  likewise  recently  published  some  obser- 
vations on  the  action  of  suprarenal  extract  which  have  a  bearing  on 
the  subject.  In  their  work  on  the  innervation  of  the  pulmonary 
blood-vessels,  they  reach  the  following  conclusions: 

1.  While  barium  chloride  produces  a  constriction  of  the  pulmon- 
ary vessels  similar  to  that  observed  in  the  systemic  vessels,  adren- 
alin, pilocarpine,  and  muscarine  pmduce  a  dilatation. 

2.  Barium  .chloride  acts  dire^^  on  muscle  fibre.  Adrenalin, 
pilocarpine,  and  muscarine  excite  constriction  by  acting  on  nerve- 
endings. 

The  animals  used  by  me  were   rabbits.     The  superior  cervical 

>  Meltzi:r  :  This  journal,  1903,  ix.  p.  252. 

*  Meltzer  ;  Centralblatt  fijr  Physiologic,  1904,  xvii,  p.  651. 

■  Bhodik  and  Dixon  :  Journal  of  physiology,  1904,  xxi,  p.  476. 
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ganglion  was  completely  removed  on  one  side  with  from  one  to  one 
and  a  half  centimetres  of  attached  sympathetic  nerve.  The  ganglion 
and  nerve  on  the  other  side  were  either  left  undisturbed  or  the  nerve 
simply  cut  across.  In  the  latter  case,  a  normal,  unoperated  rabbit 
served  as  a  control. 

In  an  animal  whose  superior  cervical  ganglion  had  been  completely 
removed  nine  days  before,  on  the  right  side,  and  whose  left  side  had 
not  been  disturbed,  I  dropped  adrenalin  j^^jo  into  the  right  eye. 
The  conjunctiva]  surface  of  both  upper  and  lower  eyelids,  as  well  as 
the  sclerotic  vessels,  became  pale  instantly — having  been  normal 
before.  The  eye  was  immediately  washed  with  0.9  per  cent  sodium 
chloride  solution  and  a  10  per  cent  solution  of  peptone  added.  The 
eye  remained  pale.  Paleness  persisted  for  from  seven  to  ten  minutes, 
at  the  end  of  which  time  the  normal  color  could  be  seen.  This  was 
repeated  at  intervals  of  from  fifteen  to  thirty  minutes,  with  constant 
results  in  each  case.  The  same  results  were  obtained  in  similar  ex- 
periments fourteen  days  after  the  operation. 

As  a  control,  the  above  experiments  were  exactly  repeated  on  the 
left  eye  and  on  the  eyes  of  an  unoperated  animal,  with  similar  results, 
except  that  an  application  of  peptone  subsequently  to  the  application 
of  adrenalin  was  accompanied  by  a  distinct  flushing  of  the  vessels  of 
the  eye  and  eyelid. 

The  above  experiment  was  also  tried  five  days  after  the  operation 
o  n  a  rabbit  whose  superior  cervical  ganglion  had  been  removed  on  the 
left  side,  and  whose  sympathetic  nerve  had  been  severed  on  the  right 
side.  Adrenalin  produced  a  paling  in  the  right  eye,  and  after  removal 
of  the  adrenalin  with  salt  solution,  peptone  caused  an  immediate  flush- 
ing. On  the  left  side  (ganglion -free),  the  same  paling  was  observed 
as  before,  but  repeated  peptone  administration  had  no  effect  on  the 
local  anxmia,  no  flushing  being  observed  until  ten  or  fifteen  minutes 
had  elapsed.  The  above  experiments  were  repeated  several  times  on 
this  same  day,  and  also  ten  days  ^|er,  and  again  fourteen  days  after 
operation,  with  confirmatory  results  on  each  occasion. 

Fourteen  days  after  the  operation,  the  Rushing  of  the  right  eye  upon 
the  introduction  of  peptone  was  less  marked,  and  required  a  longer 
time  to  take  place  than  five  days  after  the  operation,  and  the  flushing 
was  slower  than  that  obtained  from  a  control  unoperated  animal. 

Extracts  of  hypophyseal  lobe  of  the  pituitary  body  of  the  ox  caused 
marked  flushing  in  both  eyes,  while  extracts  of  the  infundibular  lobe 
caused  a  slight  flushing  on  the  right  side  and  none  on  the  left. 
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From  these  results,  we  may  conclude  that  the  nerve  elements  of  the 
vessel  wall  are  not  necessary  for  its  constriction  by  adrenalin,  since 
it  produced  its  effect  in  regions  where  the  nervous  control  had  been 
eliminated  by  the  extirpation  of  the  ganglion  from  five  days  to  two 
weeks  previously.  On  the  other  hand,  such  nerve  elements  seem  to 
be  necessary  for  the  effects  of  peptone  to  become  manifest,  inasmuch 
as  the  vessels  of  regions  in  which  the  nerve  fibres  and  endings  may 
be  assumed  to  have  degenerated,  or  at  least  to  have  suffered  impor- 
tant functional  and  structural  change,  could  not  be  caused  to  dilate 
upon  its  administration. 

The  effects  of  the  pituitary  extracts  were  not  particularly  strongly 
marked,  and  were  inconstant  in  comparison  with  the  action  of  adrena- 
lin and  peptone.  This  apparent  indefiniteness  may  be  explained  by 
the  simultaneous  presence  of  the  pressor  and  depressor  substances 
in  the  one  solution. 

As  confirmation  of  Meltzer's  work,  I  might  say  that  with  adrenalin 
an  extreme  dilatation  of  the  pupil  was  always  seen  first,  and  was 
most  pronounced  on  the  side  from  which  the  ganglion  had  been  com- 
pletely removed,  the  other  pupil  sometimes  remaining  perfectly  nor- 
mal. At  such  a  moment,  the  pupil  on  the  ganglion-free  side  showed 
no  reaction  to  light,  while  the  pupil  of  the  normal  eye  showed  a  con- 
striction followed  by  a  quick  dilatation  when  the  light  was  shut  off. 

The  fact  that  the  peptone  solution  always  produced  an  effect  on 
the  unoperated  animal  is  in  accord  with  the  conclusions  reached  by 
Chittenden,  Mendel  and  Henderson,^  and  independently  by  Ledoux' 
and  Thompson^:  that  although  theanti-coagulable  power  of  peptone 
may  be  due  to  the  subsequent  formation  by  the  liver  or  other  organ 
of  a  second  substance,  the  depressor  effect  is  due  to  the  constituents 
of  the  peptone  itself. 

Summary  of  Results, 

Put  I.  —  I.  In  a  simultaneous  intravenous  injection  of  adrenalin 
and  peptone,  the  adrenalin  rise  is  present  first,  and  is  succeeded  by 
the  peptone  fall.  This  rise  and  fall  always  occur  in  a  regular 
sequence,  and  may  be  detected,  though  the  amount  of  either  con- 
stituent be  enormously  in  excess  of  the  other. 

)  Chittenden  and  Others:  This  journal,  1899,11,  p.  142. 
'  Ledoux:  Archives  de  biologie,  1896,  xiv,  p.  63. 
"  Thompson  :  Loe.  eit 
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2,  The  adrenalin  rise  appears  after  a  very  short  latent  interval,  and 
is  transitory.  The  peptone  fall  occurs  more  slowly,  persists  longer, 
and  soon  becomes  permanent.  Administration  of  peptone  imme- 
diately after  an  adrenalin  injection  will  in  no  way  interfere  with  the 
extent  or  duration  of  the  rise.  On  the  contrary,  the  administration 
of  adrenalin  subsequent  to  a  peptone  injection  is  adequate  to  check 
the  fall  and  produce  a  normal  adrenalin  rise, 

Put.ll.  —  I.  The  intravenous  injection  of  a  saline  extract  of  the 
hypophyseal  (anterior)  lobe  of  the  pituitary  body  produces  a  distinct 
fall  of  blood -pressure.  This  fall  is  accompanied  usually  by  an  ac- 
celeration and  weakening  of  the  heart 

2.  A  second  injection  of  a  saline  extract  of  hypophyseal  lobe, 
immediately  following  the  first,  fails  to  produce  any  change  in  blood- 
pressure.  If  a  considerable  interval  be  allowed  to  elapse,  a  second 
injection  will  produce  a  fall. 

3.  The  active  depressor  substance  is  soluble  in  alcohol,  glycerine, 
and  salt  solutions,  but  insoluble  in  ether.  Repeated  doses  of  the 
alcoholic  extract,  following  each  other  immediately,  are  active. 

4.  A  secondary  rise  above  the  normal  follows  the  depressor  effect 
produced  by  alcoholic  extract  of  the  hypophyseal  lobe.  It  is  also 
sometimes  seen  after  injection  of  a  saline  extract.  This  may  be  due 
to  an  active  pressor  substance  present  in  small  amounts  in  the  hypo- 
physeal lobe,  or  to  the  elimination  of  the  "inhibitory"  substance, 
present  in  the  saline  extract. 

Part  ni.  —  I. 'The  experiments  on  the  eyes  of  rabbits  support  the 
view  that  adrenalin  produces  its  constrictor  effect  by  acting  directly 
on  the  musculature  of  the  vessel  wall. 

2.  Witte's  peptone  causes  dilatation  of  the  vessels  of  the  eye  when 
applied  directly,  by  acting  on  the  vasomotor  nerve-endings  alone. 
This  effect  is  produced  by  an  immediate  action  of  some  of  its  constit- 
uents, and  not  by  a  new  substance  formed  under  the  influence  of 
the  body,  as  is  the  case  with  its  effects  on  the  coagulation  of  the 
blood. 

In  conclusion,  I  desire  to  express  my  appreciation  and  thanks  to 
Professor  Stewart,  under  whose  direction  this  work  was  pursued,  for 
invaluable  advice  and  criticism. 
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METHODS  FOR  THE  QUANTITATIVE  CHEMICAL 

ANALYSIS  OF   THE  BRAIN   AND  CORD. 

By  WALDEMAR   KOCH. 

[/rffjK  lAi  Laboratory  ff  Pkysielogicat  Ckimittry  of  the  Utiivtrtity  of  Jlfismuri, 
Columbia,  Afo.') 


A  CONSIDERATION  of  the  various  quantitative  chemical  analy- 
ses of  brain  tissues,  so  far  recorded  in  the  literature,  indicates 
most  plainly  that  methods  involving  separation  by  means  of  solvents 
can  be  of  value  only  for  the  isolation  of  groups  of  substances.  Only 
under  most  exceptional  conditions  can  these  methods  be  carried  to  such 
refinement  as  to  bring  about  the  complete  separation  of  two  chemical 
individuals  without  loss  of  material.  In  mixtures  containing  a  large 
number  of  compounds,  the  influence  which  one  substance  exerts  on 
the  solubility  of  another  is  so  great  that  the  solubility  of  a  substance 
when  pure  is  no  criterion  of  its  behavior  in  a  mixture.  It  becomes 
necessary,  therefore,  to  devise  for  each  constituent  a  method  depend- 
ing on  some  radicle  or  group  of  atoms  characteristic  of  itself  and  not 
found  in  any  one  of  the  other  constituents.  If,  however,  two  or  more 
constituents  have  the  same  radicle,  they  must  be  determined  as  a 
group,  and  then  distinguished  from  one  another  by  certain  other 
characteristics. 

After  all  the  constituents  of  a  tissue  have  been  determined  by 
methods,  devised  as  outlined  above,  .and  the  total  adds  up  to  or 
nearly  to  lOO  per  cent,  so  that  there  is  reason  to  believe  that  every- 
thing has  been  accounted  for,  it  is  necessary  further  to  check  the 
result  by  making  a  determination  of  the  total  phosphorus,  nitrogen, 
and  sulphur  in,  for  instance,  the  alcohol-ether-soluble  portion  of  the 
tissue.  The  amount  of  phosphorus,  nitrogen,  and  sulphur  repre- 
sented by  each  constituent  of  the  tissue  belonging  to  the  alcohol- 
ether-soluble  portion  is  then  calculated  with  either  the  structural 
formula  or  the  elementary  analysis  of  the  substance  as  a  basis.  After 
everything  has  been  accounted  for,  the  total  calculated  phosphorus, 
nitrogen,    and   sulphur   should   check   the   total  found  phosphorus 
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nitrogen,  and  sulphur  within  the  limits  of  error  of  the  determination. 
If,  on  the  other  hand,  all  the  elements  are  not  accounted  for  in  terms 
of  compounds,  or  the  total  of  the  constituents  does  not  add  up  to 
100  per  cent,  a  consideration  of  the  elements  not  accounted  for 
will  then  give  some  clue  as  to  the  nature  of  the  compound  or  com- 
pounds remaining  to  be  isolated.  The  same  principle  can  then  be 
applied  to  that  portion  of  the  tissue  insoluble  in  alcohol  and  ether. 

A  separation  of  the  anatomical  elements  of  a  tissue  preparatory  to 
chemical  analysis  would  indeed  be  very  desirable,  but  is  evidently  an 
impossibility.  Such  elements  as  blood-vessels,  connective  tissue,  and, 
if  possible,  the  blood  should,  however,  be  removed  wherever  feasible. 
The  brain  represents  a  most  favorable  tissue  for  such  work,  as  all  the 
large  blood-vessels  can  easily  be  removed  with  the  pia  mater,  and  there 
is  very  little  connective  tissue.  In  an  animal  it  is  easily  possible  to 
remove  all  the  blood  by  transfusing  salt  solution.  (In  the  human 
subject  this  is  hardly  possible,  and  the  blood  thus  represents  the 
most  serious  source  of  error  in  comparative  work.)  After  removal 
of  the  blood,  there  remain,  then,  in  the  cortex,  for  example,  neuroglia 
cells,  some  blood-vessels,  medullated  and  non-medullated  nerve  fibres, 
and  the  various  types  of  nerve  cells.  If  in  such  a  tissue  chemical 
differences  were  to  be  observed  as  a  result  of  physiological  nerve 
activity,  it  would  seem  reasonable  to  refer  these  differences  to 
changes  in  the  nerve  cells,  rather  than  to  the  neuroglia  cells  or  the 
cells  in  the  blood-vessel  walls,  which  can  be  assumed  to  undergo  less 
active  metabolism.  In  the  study  of  pathological  material,  in  which 
proliferation  of  neuroglia  cells  is  liable  to  have  taken  place,  this 
source  of  error  must  be  as  nearly  as  possible  determined  by  micro- 
scopic examination,  which  should  be  made  in  any  case.  The  sub- 
stances introduced  by  the  presence  of  medullated  nerve  fibres  can  be 
approximately  determined  by.an  analysis  of  a  pure  mass  of  medul- 
lated fibres  as  found  in  the  corpus  callosum.  Any  attempt  to  obtain 
cortical  grey  matter  free  from  medullated  fibres  would  evidently  be 
useless. 

The  results  to  be  expected  from  such  a  quantitative  study  of  tbe 

brain  are  as  follows  1 

>      I.    It  may  be  possible  to  obtain  some  clue  as  to  the  physiological 

significance  of  the  various  substances  by  following  out  the  time  at 

which  they  appear  during  embryological  development'  of  the  tissue, 

1  S'  Hatai  has  undertaken  this  part  of  the  work  in  the  Neurological  Laboratory 
of  the  University  of  Chicago. 
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and  the  ease  with  which  they  disappear  as  the  result  of  prolonged 
chronic  pathological  changes,^  correlating  the  results  thus  obtained 
with  variations  of  functional  activity. 

2.  A  study  of  the  relation  of  the  various  substances  to  one 
another,  and  to  their  intermediate  and  ultimate  decomposition  pro- 
ducts,  may  give  some  insight  into  the  obscure  processes  of  the  meta- 
bolism of  the  nerve  cell. 

3.  Variations  from  the  normal,  in  the  proportion  of  the  various 
constituents,  produced  by  such  acute  changes  as  lack  of  oxygen  or 
the  action  of  drugs,  may  be  the  means  of  giving  a  chemical  basis  for 
pharmacological  investigation. 

Results  obtained  in  this  way  can  then  be  further  correlated  by  a 
study  of  the  distribution  ot  the  various  constituents  by  microscopic 
methods.  At  present  such  methods  have  not  been  sufficiently  devel- 
oped from  the  chemical  side  to  be  of  much  value. 

Method  of  Collecting  the  Material. 

As  there  is  no  fluid  in  which  such  a  tissue  as  the  brain  can  be  pre- 
served as  a  whole,  for  quantitative  chemical  work,  without  introducing 
serious  sources  of  error,  it  becomes  necessary  to  weigh  the  material 
as  soon  as  collected,  and  to  determine  immediately  the  amount  of 
water. 

Wliite  matter.  —  The  method  of  procedure  for  white  matter  is  as 
follows:  The  corpus  callosum  is  used  as  representing  the  largest 
amount  of  pure  white  matter  to  be  found  in  the  central  nervous  sys- 
tem. It  is  freed  as  much  as  possible  from  blood-vessels,  and  then  cut 
into  slices,  which  are  immediately  placed  in  weighed  glass  stoppered 
bottles.  At  the  same  time  somewhat  thinner  slices  are  placed 
between  weighed  watcbglasses  (fitted  with  a  clip)  for  the  water 
determination.  This  insures  that  the  material  used  for  extraction  is 
in  about  the  same  state  of  hydration  as  that  used  for  the  water  deter- 
mination. It  is  best  not  to  incur  the  risk  of  the  material  becoming 
too  dry,  in  any  attempt  to  prepare  it  in  a  fine  state  of  division  for 
extraction.  As  will  be  described  later,  after  the  second  or  third 
alcohol  and  ether  extraction,  the  material  can  be  pulverized  in  a  mor- 
tar much  finer  than  it  could  possibly  be  cut  in  the  moist  state.  For 
the  water  determination  from  1.0  gm.  to  1.5  gm.  should  be  taken.  For  V 
the  extraction  it  is  better  not  to  take  less  than  5  gm.  and  a  larger 

'  This  invesli^alion  is  being  carried  on  in  this  laboralory  with  material  collected 
at  the  Pathological  Laboratory  of  the  Ctayburj  Asylum,  London. 
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amount  than  lo  gm.  would  seriously  interfere  with  the  com- 
pleteness of  the  extraction.  If  more  material  than  lO  gm,  is  avail- 
able, it  is  better  to  collect  another  sample  and  place  it  in  a  second 
bottle.  The  water  determination  should  be  made  immediately,  to 
insure  the  material  against  decomposition.  The  extraction  can  be 
postponed  by  preserving  the  material  in  three  times  its  weight  of 
absolute  alcohol.  As  the  weight  of  the  moist  material  is  known,  and 
the  amount  of  water  determined  in  the  separate  sample,  this  method 
of  preservation  introduces  no  source  of  error,  as  the  alcohol  in  which 
the  material  is  kept  is  also  used  in  the  first  extraction. 

Orey  mBttet,  —  The  largest  aggregation  of  grey  matter  in  the 
human  brain  is  to  be  found  in  the  cortex,  although  spread  over  a 
considerable  area.  As  all  the  layers  of  the  cortex,  even  the  upper- 
most ones,  contain  meduUated  nerve  fibres,  it  is  useless  to  attempt  the 
collecting  of  pure  grey  matter.  In  fact,  for  the  investigation  for 
which  this  work  is  to  be  a  basis,  it  is  essential  to  obtain  all  of  the 
cortex,  and  not  merely  to  shave  off  the  top  layers  in  an  attempt  to 
avoid  the  white  matter.  The  best  method,  as  suggested  by  Dr. 
Watson,  was  found  to  be  as  follows  :  Sections  about  4  mm.  thick  arc 
cut  as  much  as  possible  perpendicular  to  the  convolutions,  and  at 
right  angles  to  the  fissures.  The  easily  visible  layer  of  grey  matter 
which,  if  the  section  is  exactly  perpendicular  to  the  convolution,  is 
of  nearly  the  same  thickness  on  both  sides,  is  then  trimmed  off  by 
running  a  knife  as  close  as  possible  along  the  line  of  division  between 
the  grey  and  the  white.  Before  placing  in  the  weighed  bottle,  this 
strip  is  examined  carefully,  and  any  adhering  white  matter  snipped  off 
with  a  fine  pair  of  scissors.  The  advantage  of  this  method  is  that  the 
white  matter  is  always  exposed  to  the  view,  and  that  if  any  small 
particles  do  adhere,  they  fan  easily  be  seen  and  removed.  The 
water  determination,  the  weighing  and  preserving  are  done  exactly 
as  described  for  the  white  matter.  In  order  to  localize  somewhat  for 
future  work  the  place  from  which  the  material  was  taken,  two  and 
occasionally  three  parts  of  the  cortex  were  always  used. 

I.  The  prefrontal  area.  —  Including  approximately  the  anterior  two- 
thirds  of  the  first  frontal,  and  corresponding  portion  of  the  median 
surface  of  the  cortex,  the  anterior  two-thirds  of  the  second  frontal, 
and  the  anterior  third  of  the  third  frontal  convolutions. 

II.  Tbe  motor  area.  —  Ascending  frontal  as  far  as  the  bottom  of 
the  fissure  of  Rolando,  and  neighboring  parts  in  front,  including 
Broca's  convolution. 
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III.  The  vianoaeiuoty  »•«. — Lower  lip  of  the  anterior  calcerine 
fissure,  both  lips  and  surrounding  parts  of  the  posterior  calcerine 
lissurc,  and  a  small  portion  of  outer  aspect  of  occipital  pole. 

For  microscopic  examination,  samples  were  taken  from  these 
regions.  One  was  preserved  tn  MuUer's  fluid,  after  hardening  in 
formol  for  determining  the  amount  of  degeneration  in  the  fibres  by 
Marchi's  method,  and  the  amount  of  wasting  by  the  Pal  Weigert- 
method.  Another  sample,  after  hardening  in  formol,  was  dehydrated 
with  alcohol  and  imbedded  in  parafline  for  studying  the  changes  in 
the  neuron  cell  with  Nissl's  methylen  blue  method. 

Chemical  Constitubnts  op  Brain-Tissue. 
The  substances  so  far  isolated  from  the  brain  which  must  be  con- 
sidered in  devising  quantitative  methods  of  determination,  as  outlined 
in  the  introduction,  are: 

I.     Water,  H^O,  present  in  largest  amount. 

3.     Slmpla  and  oompotmd  protclda  [C,  H,  O,  N,  S,  P]. 

Globulin  coagulating  at  47-50°  C.  (Halliburton '). 

Globulin  coagulating  at  70°  C.  (Halliburton). 

Neurostromin  (Schlcarin  *) :  extracted  by  sodium  hydrate,  present  only 
in  small  amount 

Nueleoproteid  (Levene*):  contains  0.57  per  cent  phosphorus.  The 
nucleoalbumin  of  Halliburton  *  and  the  neuroglobulin  of  Schkarin  *  may  be 
considered  to  be  identical  or  closely  related  to  the  compound  isolated  by 
lycvcne. 

Neurokeratin  (Ktihne  and  Chittenden*):  an  albuminoid  insoluble  in 
sodium  hydrate  and  not  digested  by  ferments.  ' 

3.    BztniotlvM  (water  soluble)  [C,  H,  O,  N,  S]. 

Hyfoxanthin :  CH^N^O  (Thudichum  ').  It  seems  curious  that  Thudi- 
chum  should  mention  this  as  the  only  purin  base  found,  when  Levene 
gives,  as  the  purin  bases  of  his  nueleoproteid,  adenin  and  guanin,  and 
states  that  hypoxanthin  was  not  present. 

>  Halliburton;  Collected  papers  from  the  Physiological  Laboratory,  of 
King's  College,  London,  1893,  No.  i. 

*  Schkarin  :  Inaugural  Dissertation,  St.  Petersburg,  1902. 

*  Levene;  Archives  of  neurology  and  psychopath ology,  1899,  v,  11.  p,  i. 

*  KtiHNE  and  Chittenden  :  Zeitschrifl  (iir  Biologie,  1890,  xxvi,  p.  291. 

'  Thudichum,  J.  L.W.:  DicchemischeKonstitutiondesGehirnsdesMenschen 
und  der  Tier*,  1901,  F.  Pietieker,  Tubingen,  p.  319. 
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Tyrosin:  CH.,NO.  (Mce)  (Thudichum  ■).   )   f""-  "i''"'!!' ""i"'' 

Uucin:  C.H,.NO.(tVace)(Th«<lfch™-).     f  '"""  P""""""'"   '''=- 
^         '  *  'J   composition. 

Urea:  CH,NO  (Gulewitsch ') :  its  presence  is  not  due  lo  contamina- 
tion with  blood  (essential  constituent). 

Peptones  and  Albumoses ;  Thudichum  •  considers  the  osmazon  of  the 
French  chemists  to  be  closely  related  to  this  group. 

Sarcoltutic  acid  (Thudichum*). 

Formic,  acetic,  succinic,  and  lactic  acids  (Thudichum*):  may  be  con- 
sidered to  be  derived  from  post-mortem  decomposition. 

Inosit:  C(H|,0,  ■  2H,0  (Thudichum*).  This  substance  has  been  con- 
firmed by  a  number  of  investigators. 

Besides  the  above-mentioned  substances,  the  following  have  been  occa- 
sionally found  to  be  present,  under  pathological  conditions,  by  various 
authors,  and  must  be  considered  on  account  of  introducing  sources  of 
error  in  the  methods  of  determination,  especially  with  pathological  mate- 
rial. They  are:  Neuridin  (Brieger'),  uric  acid  (Thudichum'),  kreatin 
(not  conhrmed  by  Thudichum*),  cholin  (Mott  and  Halliburton '"),  also, 
according  to  Gulewitsch,"  present  as  a  normal  constituent,  trimethyt  amin 
(Thudichum  '*),  evidently  the  result  of  post-mortem  change. 

4.  laorganio  conatitneuto. 

Na,  K,  NH„  Ca,  Fe,  present  partly  as  dissociated  ions,  and  partly  in 
organic  combination. 

CI,  SOt,  P0„  CO,,  present  as  dissociated  ions,  or  as  neutral  molecules 
combined  with  the  cations  mentioned  above,  not  in  organic  combination. 

5.  LecithanB  [C,  H,  O,  N,  P]  (Phosphatids). 

LecUhins:  Stearyloleyl  lecithin,  C„Hb«NP08  ■  OH  ; 

Margeryloleyl  lecithin,  C„H„NPO,  ■  OH; 
Palmityloleyl  lecithin,  CH^NPO,  ■  OH; 

'  Thudichum,  J.  L.  W. :  £<w.  «V.,  p.  330. 
'  Thudichuu,  J.  L.  W. :  Loc.  Hi.,  p.  331. 
'  Gulewitsch,  W.  :  Zeitschrift  fiir  physiologische  Chemie,  iSgy,  xxvii,  p.  81. 

*  Thudichum,  J.  L.  W.  ;  Loc.  cil.,  pp.  316,  317- 
'  Thudichum,  J.  L.  W.:  Loc.  cil.,  p.  329. 

*  Thudichum:  Loc.  cit.,  p.  319. 

'  Brieger ;  Jahresbericht  iiberdie  Fortschritte  der  Tierchemie,  1S84,  xiv,  p.  92. 
'  Thudichum  ;  Loc.  cit.,  p.  318. 
»  Thudichum:  Loc.  cil,  p.  321. 

'°  Mott  and  Halliburton:  Philosophical  transactions  of  the  Royal  Society 
of  I^ndon,  1901,  cxciv,  p.  437. 
"  Gulewitsch,  W.  :  Loc.  cit. 
"  Thudichum  :  Loc.  cit.,  p.  330. 
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isolated  as  a  mixture  of  isomers  and  homologues  by  Thudichum '  and 
Koch  '  are  all  characterized  by  the  presence  of  three  methyl  groups 
attached  to  nitrogen.  One  methyl  group  splits  off  quantitatively  at 
340°  C.  with  hydriodic  acid,  the  remaining  two  split  off  at  300°  C.  These 
lecithins  have  basic  properties,  form  double  salts  with  cadmium  chloride, 
but  do  not  form  insoluble  lead  salts.  They  are  soluble  in  alcohol  an<l 
ether.  Phosphorus,  4  per  cent;  nitrogen,  1.8  per  cent.  Proportion 
of  I  :  1. 

Amidokeilhim :  Amidomyelin,  CttFlggNjPOe.  Isolated  so  far  only  by 
Thudichum,'  who  has  not  published  complete  analyses.  From  the 
empirical  formula,  this  substance  evidently  is  closely  allied  to  the  leci- 
thins, aod  should  have  three  methyls  attached  to  nitrogeii.  The  quan- 
titative results  indicate  that  this  substance  can  be  present  only  in 
extremely  small  amount.    Nitrogen,  3.5  per  cent ;  phosphorus  to  nitrogen 

Kephalins  •  Kephalin,  C„H„N  PO,.  (Thudichum,'  Koch  »)  ; 

Oxykephalin,  C.,H„NPO„  (Thudichum  ■)  ; 

Peroxykephalin,  C„H„NPO,i  (Thudichum') ; 

Myelin,  C«H„NPO,o  (Thudichum'). 
These  substances  are  derived  from  the  lecithins  by  the  loss  of  two  methyl 
groups  and  an  oxidation  of  the  oleic  acid  radicle,  the  chemistry  of  which 
is  still  very  obscure.  In  consequence  of  the  nitrogen  becoming  a  triad, 
the  basic  properties  are  lost  and  these  substances  consequently  give 
insoluble  lead  salts.  The  methyl  group  is  split  off  quantitatively  at  140°  C- 
with  hydriodic  acid.  No  more  methyl  is  split  off  above  that  temperature. 
A  comparison  of  the  formula  makes  it  evident  that  kephalin  C^,  ...  is 
derived  from  stearyloleyl  lecithin  C|<  .  .  .  and  myelin  C,o  -  ■  •  from 
palmilyloleyl  lecithin  Cn  ....  These  substances  are  soluble  in  ether, 
insoluble  in  alcohol.  Phosphorus,  3.7  per  cent;  nitrogen,  1.7  per  cent. 
Proportion  of  r  :  i. 

Amidokepkalins :  Amidolcephalin,  CtiHgaN,POia.  Isolated  so  far  only 
by  Thudichum,*  may  be  considered  to  be  derived  from  the  amidomyelin 
by  the  loss  of  two  methyl  groups  and  an  oxidation  similar  to  kephalin. 
The  empirical  formulae  support  this  theory.    Phosphorus  to  nitrogen  as  1  :  z. 

'  Thudichum:  Loc  cii.,  p  322,  123,  no. 

'  Koch,  W.  :  Zeilschrift  fiir  physiologlsche  Cliemie,  1902,  xxxvi,  p.  134. 

'  Thudichum  ;  Loc.  cit..  p.  322,  123,  no. 

*  Thudichum  :  Lx.  cit, p.  320,  130. 


KOCM :  Lac.  cit. 

Thudichum:  Loc.  et 

■/.,  p.  138. 

Thudichum:  Loc.  ci 

f/.,  p.  138. 

Thudichum;  Loc.a 

■/..  pp.  323, 

t56. 

Thudichum:  Loc.  a 

■/..p-  107. 
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Besides  Ihe  above-mentioned,  there  have  been  isolated  by  Thudichum, 
but  not  so  far  confirmed  by  me  and  difficult  to  classify,  paramyeltn, 
C„H„NPO„  probably  related  to  lecithin,  sphingomyelin,  C„H,„N,PO„ 
probably  related  to  the  amidolecithins  [nitrogen,  3  per  centj,  containing 
however  no  glycerine  and  aisurin,  CMHtiNtPiO*.  [Phosphorus,  7  per 
cent;  nitrogen,  3.1  per  cent.] 

Cor«briiiB  [C,  H,  O,  N]. 

Within  recent  years  these  substances  have  been  studied  on  human 
material  by  Thudichum '  and  Thierfelder,'  on  sheep's  brains  by  Koch,* 
and  on  horae's  brains  by  Bethe.*  As  there  is  very  little  difference  in  the 
cerebrins  derived  from  dilTerent  species  it  will  simplify  matters  to  compare 
them  regardless  of  their  source. 

Phrtnoiin,  C,iHt,NO„  Thudichum*  may  be  said  to  be  identical  or 
isomeric  with  the  substance  isolated  by  Thierfelder  and  by  Koch,  as  will 
be  seen  from  a  comparison  of  the  analyses. 

Thudichum.  Thierfelder.  Koch. 

CMbon 69.00  69.16  68.73 

Hydrogen  ....     11.08  11-S4  11.83 

Nitrogen     ....      1.96  1-76  1.64 

Phrenosin  splits  off  galactose  on  heating  with  dilute  mineral  acids. 

Kerasin,  CtiHiaNOa  (Thudichum*),  probably  identical  with  Beihc's' 
amidocerebrin  acid  giytosiii,  C|,H||NO(.  Both  are  undoubtedly  homo- 
logues  of  phrenosin  and  like  it  split  ofT  galactose. 

Phrenin,  isolated  by  Bethe,  was  obtained  by  myself  as  a  decompositioo 
product  from  cerebrin  after  boiling  with  dilute  hydrochloric  acid.  The 
analyses  agree  very  well. 

Belhe.^  Koch. 

Carbon    ....    71.90  71.60 

Hydrogen    .     .     .     11.95  12.H 

Nitrogen       ...      l.S  159 

This  substance  docs  not  split  off  a  reducing  sugar  as  do  phrenosin  and 

'  Thuuichum:  Loc.  cit.,  p.  178. 

*  Thierfeldbr.  H.  :  ZeiUchnftfiir  physiologische  Chemie,  1900,  ixx,  p.  549. 
'  Koch;  Lee. cit. 

*  Bethe,  A.:  Archiv  ftir  experimentelle  Pharmakologie  und  Pathalogie,  190a, 
•m,  p.  78. 

'  Thudichum:  Lee.  cit.,  p.  184, 

*  Thudichum  :  Loc.  cit.,  p,  218. 
'  Bethe:  Lee.  cit.,  p.  184. 
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Cerebrin  adds  so  far  only  isolated  by  Thudichum.' 

Cerebrin  aci4,  C«H»NOii,  and  sphaeroctrebrin,  CmHikNOu  are  char- 
acterized by  forming  lead  salts  insoluble  in  hot  alcohol.  This  distinguishes 
them  from  kerasin  and  phrcnosin,  which  do  not  combine  with  lead. 
Cerebrin  acid,  according  to  Thudichum,  splits  olT  galactose.  A  compari- 
son of  the  percentage  of  carbon  found  by  Thudichum  makes  it  extremely 
probable  that  these  substances  are  intermediary  oxidation  products  of 
phrcnosin  and  kerasin,  as  indicated  by  the  following  figures : 

Phrenosin.  Cerebrin  acid.  Sphaerocerebrin. 

Carbon 69.0  67.00  62.75 

Hydrogen  ....     11.06  11J6  11.08 

Nitrogen    ....      1.96  1J9  1,Z3 

The  large  number  of  carbon  atoms  given  by  Thudichum  in  the  empiri- 
cal formula  is  based  on  the  nitrogen  determination,  which  is  not  strictly 
correct. 

No  other  substances  have  been  isolated  which  may  l>e  said  to  belong  to 
the  group  of  the  cerebrins.  The  cerebrin  phosphoric  acid  of  Bethe  is 
only  an  impure  mixture  which  undoubtedly  contained  sulphur,  for  which 
he  neglected  to  test.  None  of  the  members  of  this  group  can  be  said  to 
be  pure  until  they  are  free  from  sulphur  and  phosphorus,  both  of  which 
elements  cling  to  them  most  tenaciously.  All  the  cerebrins,  when  pure, 
are  insoluble  in  ether  and  soluble  in  hot  alcohol.  The  cerebrin  acids  are 
more  soluble  In  glacial  acetic  acid  than  phrenosin. 

Chol«Bt«iia  [C,  H,  O],  C]iH,[OH,  said  to  occur  in  the  brain  as  free 
cholesterin  and  in  the  form  of  esters.  Soluble  in  hot  alcohol  and  cold 
ether. 

Snlphnr  oompontida  [C,  H,  O,  N,  P,  S]. 

Any  extract  of  brain  tissue  with  alcohol  and  ether  will  be  found  to  con- 
tain considerable  amounts  of  sulphur.  None  of  this  sulphur  is,  however, 
present  as  cystein  sulphur,  as  saponification  of  the  extract  with  sodium 
hydrate,  and  subsequent  treatment  with  lead  acetate  will  give  no  lead 
sulphide.  Thudichum  '  has  isolated  an  impure  mixture  containing  a  large 
amount  of  sulphur  [4  per  cent}  and  also  some  phosphorus,  mixed  with 
some  of  the  cerebrin  acids.  On  this  account,  he  is  inclined  to  look  upon 
them  as  cerebro  sulphalids.  Any  ordinary  preparation  of  cerebrin  will 
contain  sulphur,  and  one  might  be  inclined  to  look  upon  the  sulphur  as  a 
constituent  element  I  have  been  able,  however,  by  means  of  solvents  to 
obtain,  on  the  one  band,  a  cerebrin  free  from  sulphur,  and  on  the  other 

'  Thudicruh  :  Loc.  cit.,  p.  221. 
'  THuniCHUM  :  Loc-  cit.,  p.  224. 
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hand,  a  compound  containing  up  to  4  per  cent  of  sulphur  and  free  from 
any  reducing  sugar.  The  preparation  also  contains  about  3  per  cent 
of  phosphorus,  5  per  cent  of  nitrogen,  and  some  fatty  adds.  It  is  un- 
doubtedly still  impure.  The  substance  obtained  from  sheep's  brains  is  so 
difficult  to  manipulate  that  1  will  have  to  tise  for  this  work  human  brains, 
which  yield  a  much  more  tractable  preparation.  As  the  collection  of 
sufficient  material  for  this  investigation  will  of  necessity  be  rather  slow,  1 
should  like  to  reserve  the  study  of  this  interesting  sulphur  compound  a 
little  longer,  and  will  describe  the  methods  of  preparation  and  give 
analyses  when  I  have  been  able  to  obtain  the  substance  in  larger  quantity. 
The  largest  amount  obtained  so  far  was  0.3  grams  and  that  was  impure. 

9.  AmidofaU  [C,  H,  N,  O]. 

Krinosin,  C,aH„NO,. 

Bregenin.  C„H„NOt. 

These  substances  have  so  far  been  only  isolated  by  Thudichura.'  They 
are  distinguished  from  fats  by  their  insolubility  in  ether.  The  quantitative 
determinations  indicate  that  they  may  be  present  in  small  amount  only- 
They  most  probably  represent  post-mortem  decomposition  products. 

10.  MonophoBptaattds  [C,  H,  O,  P]. 

Lipopkosphoru  aeid,  butophosphorU  tuid.  Isolated  by  Thudichum,* 
but  not  analyzed  completely.  Contain  atxiut  4  per  cent  of  phosphorus, 
and  are  free  from  nitrogen.  May  be  present  in  slight  amount  in  white 
matter,  as  not  quite  all  the  phosphorus  is  accounted  for.  Most  probably, 
however,  they  are  either  post-mortem  decomposition  products  or  the  result 
of  chemical  manipulations. 

This  completes  the  list  of  substances  isolated  or  supposed  to  have 
been  isolated  from  brain  tissues.  Free  fats  and  fatty  acids  have 
never  been  found  to  be  present  in  normal  brain  tissue.  Bcthe' 
mentions  stearic  acid,  but  adds  a  question  mark,  which  is  a  wise  pro- 
vision, as  he  has  been  rather  unfortunate  in  describing  decomposition 
products  as  primary  constituents  (phrenin,  sec  above).  Protagon,  I 
will  not  attempt  to  resurrect,  as  the  work  of  Thierfelder*  and  of 
Gies '  has  settled  its  fate. 


•  Thudichum:  Lee.  cit.,  p.  227. 

*  Thudichum:  Lee.  cit.,  p.  177. 

*  Hethf,  :  Loc.  cit.,  p.  8(5. 

•  Thierfelder:  Loc.  cit.,  p.  540. 

»  Lesem,  W.  W.,  and  GlES.  W.  J.  :  This  journal,  1902,  \ 
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Determination  of  Water. 

In  devising  a  method  for  the  determination  of  the  amount  of  water 
in  a  tissue,  it  is  necessary  to  consider  the  colloidal  nature  of  the  sub- 
stances present.  In  every  tissue  there  may  be  said  to  be  a  tendency 
towards  an  equilibrium  between  the  water  existing  in  the  free  state 
and  that  imbibed  by  the  colloid,  on  the  one  hand,  and  the  water  im- 
bibed and  the  water  of  constitution,  on  the  other  hand.  In  other 
words,  water  of  constitution  cannot  become  free  without  passing 
through  the  intermediary  state  of  imbibed  water.  This  equilibrium 
is  subject  to  considerable  variations,  depending  on  temperature  and 
pressure,  and  to  a  large  extent  also  on  the  presence  of  inorganic  salts. 
The  simplest  method  of  removing  the  water  from  such  a  system  would 
be  to  raise  the  temperature,  which  would  cause  the  imbibed  water  to 
become  free  and  evaporate.  The  combined  water  would  also  evapo- 
rate, but  only  towards  the  end.  The  objection  to  this  method  lies  in 
the  fact  that  the  colloids  coagulate,  as  the  temperature  is  raised,  and 
form  a  firm  crust  at  the  surface,  through  which  even  the  free  water 
can  only  evaporate  with  difhculty.  Another  method,  which  indeed 
would  be  the  ideal  one,  would  be  to  extract  the  water  with  some  sol- 
vent, like  absolute  alcohol,  which,  however,  must  not  dissolve  anything 
else,  —  a  condition  that  no  solvent  fulfils.  The  only  method  which  re- 
mains, therefore,  is  to  allow  the  water  to  evaporate  at  as  high  a  tem- 
perature as  possible,  but  below  the  point  at  which  the  colloids 
coagulate  (40-42°  C).  As  such  a  process  would  be  extremely  slow, 
it  must  be  hastened  by  a  good  vacuum  pump.  Even  in  a  vacuum, 
however,  as  the  space  surrounding  the  tissue  becomes  tilled  with 
water  vapor,  there  is  a  tendency  for  the  water  to  go  back  into  the 
tissue,  probably  in  the  state  of  imbibed  water.  The  presence  of  a 
goo<l  drying  agent,  tike  calcium  chloride,  is,  therefore,  a  necessity,  and 
greatly  accelerates  the  process.  The  advantage  of  this  method  of 
drying  lies  in  the  fact  that  as  the  surface  becomes  dry,  it  can  take  up 
moisture  from  the  lower  layers  on  account  of  its  ability  to  imbibe 
water.  The  tissue,  therefore,  becomes  uniformly  dried  throughout, 
and  constant  weight  is  reached  in  a  remarkably  short  time.  The 
drying  should,  however,  extend  over  at  least  a  week,  to  be  thorough. 
Between  each  weighing  there  should  be  a  period  of  drying  in  a  con- 
stant vacuum  for  at  least  twenty-four  hours.  To  test  the  efficiency  of 
this  method  in  affecting  a  complete  drying,  two  samples  of  cortical 
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grey  matter,  and  one  sample  of  corpus  callosum  were  first  dried 
between  weighed  watchglasses,  fitted  with  a  clip,  to  constant  weight 
at  40°  C.  and  then  heated  to  gs'-ioo"  C.  The  copper  vacuum  oven 
employed,  was  surrounded  with  a  water  jacket  and  was  capable  of 
holding  a  vacuum  for  at  least  two  days. 


I  grey. 

II  white 

IH  grey. 

Weight  of  material  u  collecied    .    .    . 
Weight  after    36  houn  drying  at  Aff  C. 
Weight  after    60  houn  drying  it  40°  C. 
Weight  after    84  houra  drying  at  W  C. 
Weight  after  106  houra  drying  at  40°  C. 
Weight  after  132  houn  drying  at  40"  C. 
Weight  after    18  houn  drying  at  95°  C. 

0.7761 
ai365 
ai340 
0.1350 
0.1340 
01340 
aU36 

U180 
a491J 
0.4837 
0.4831 
04803 
0.4803 
04801 

05976 
0.1624 
01591 
0.1599 
01585 
0.1585 
0.1583 

Per  cent  of  water  at  40°  C 

Per  cent  of  water  at  95°  C 

8274 
0.05 

7031 
0.01 

8234 
O.0Z 

This  method  gives,  therefore,  an  accurate  determination  of  the 
amount  of  water  present  in  the  tissues  as  free  and  imbibed  water  under 
the  conditions  of  temperature  and  concentration  of  salts  at  which  the 
tissues  happen  to  be  at  the  time  of  the  experiment.  The  presence  of 
fats,  by  preventing  the  free  evaporation  of  the  water,  interferes  very 
much  with  the  determination  and  makes  it  much  more  tedious.  It 
is  well  after  the  first  weighing  to  loosen  the  ti.ssues  from  the  watch- 
glass  {to  which  they  usually  stick  rather  firmly)  in  order  to  expose  a 
larger  surface  for  evaporation.  The  determination  of  water  is  of  no 
value  in  establishing  differences  between  normal  and  pathological 
material,  as  too  many  factors  enter  in  and  cause  considerable  varia- 
tions.    These  factors  are : 

I .     The  amount  of  blood  in  the  tissue  at  death,  whether  congested  or  ans- 


The  accidental  and  almost  incontrollable  variations  in  the  amount  of  dry- 
ing during  the  collection  of  the  material. 

In  the  case  of  cortical  grey  matter  the  varying  amounts  of  white  matter 
introduced  in  the  process  of  collection  or  actually  present  as  fibres  in  the 
cortex.     This  error  can,  however  he  determined  and  probably  eliminated. 
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In  spite  of  these  objections,  it  is,  however,  necessary  to  determine 
the  amount  ot  water  in  an  investigation  of  this  kind,  in  which  every 
constituent  is  to  be  determined  with  a  view  to  adding  the  sum  total 
up  to  100  per  cent. 

Determination  of  Proteids  (including  the  Extraction  of 
THE  Other  Constituents). 

A  consideration  of  the  constituents  of  nerve  tissues  mentioned 
before  shows  that  they  all  dissolve  in  either  alcohol  or  ether  or  both, 
with  the  exception  of  the  proteids,  some  of  the  inorganic  salts,  and  -^ 
possibly  the  small  amount  of  albumoses  and  peptones  that  may  be 
present.  The  various  proteids  are  distinguished  from  one  another 
as  follows:  The  neurokeratin  is  insoluble  in  ferments  and  sodium 
hydrate;  the  nucleoproteid  is  characterized  by  its  phosphorus ;  and  the 
simple  proteids  can  be  determined  by  difference.  The  extraction  of 
the  alcohol-ethcr-soluble  and  the  water-soluble  constituents  is  carried  ~i 
on  as  follows : 

5  to  10  gm.  of  the  substance  after  weighing  are  extracted  first  with 
hot  alcohol  (just  below  the  boiling  poim)  for  six  hours,  filtered  hot 
and  washed  several  times  with  hot  alcohol.  The  filtering  is  done 
through  a  filter  paper  which  has  been  tared  against  another  filter 
paper,  so  that  small  adhering  quantities  of  insoluble  matter  may  not 
be  lost  in  the  final  weighing  of  the  proteids.  The  insoluble  residue 
is  then  allowed  to  stand  in  a  flask  with  cold  ether  over  night.  The 
hot  alcoholic  filtrate  deposits  on  cooling  a  number  of  substances 
which  would  be  immaterial,  if  only  one  determination  were  to  be 
made.  In  the  complete  determination  of  all  the  constituents  of 
nerve  material,  however,  this  would -multiply  the  number  of  extrac- 
tions to  an  inconvenient  amount,  and  it  is  preferable  to  introduce  a 
slight  error  by  making  up  the  warm  filtrate  to  no  c.c.  in  a  grad- 
uated flask  with  warm  alcohol,  and  dividing  it  into  four  portions  with 
a  warmed  25  c.c.  pipette.  This  gives  four  determinations  to  one 
extraction,  which  greatly  simplifies  the  work.  The  extra  10  c,c.  left 
in  the  flask  must  be  corrected  for  in  the  final  calculation,  and  go  to 
correct  slight  sources  of  error,  such  as  the  amount  of  solution  adher- 
ing to  the  sides  of  the  flask  or  lost  in  the  transferring.  The  etiier 
extraction,  after  filtering,  is  distributed  in  the  same  manner,  but  must 
not  be  mixed  with  the  alcohol  in  order  to  save  solvent  in  making  up 
to  the  mark  until  after  the  third  ether  extraction,  as  otherwise  an 
insoluble  precipitate  is  formed,  which  cannot  be  distributed  with  any 
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degree  of  accuracy.  The  alternate  extraction  with  hot  alcohol  during 
the  day  and  cold  ether  during  the  night  is  continued  for  ten  days. 
After  the  third  ether  extraction,  it  is  well,  however,  to  transfer  the 
material  to  a  mortar  and  pound  it  into  fine  shreds  with  a  pestle.  It 
is  astonishing  to  see  how  tissues  which  at  first  are  so  diflUcuU  to 
obtain  in  a  fine  state  of  division  will  break  up  under  this  treatment  into 
the  finest  fragments,  which  can  be  very  thoroughly  extracted.  After 
ten  days'  extraction,  it  is  needless  to  continue  the  ether  extraction, 
but  the  alcohol  should  be  continued  at  least  five  days  longer,  in  order 
to  remove  the  last  traces  of  lecithin  from  the  now  coagulated  proteid. 
All  the  insoluble  residue  is  transferred  to  the  tared  fitter  paper,  and 
— f—  dried  to  constant  weight  in  a  vacuum  oven  at  40°  C.  The  residue  is 
then  moistened  with  chloroform  water,  and  extracted  several  times  to 
remove  the  remaining  inorganic  salts  and  organic  extractives.  The 
amount  extracted  is  determined  as  described  under  the  determination 
of  the  extractives,  and  subtracted  from  the  above  weighing.  The 
result  represents  the  iolal  proteids.  The  neurokeratin  is  then  deter- 
mined according  to  the  method  of  Kuhne  and  Chittenden  '  in  one 
sample.  In  another  sample  the  phosphorus  is  determined  (after 
~j~ destruction  of  the  organic  matter)  by  the  molybdate  method,  and  the 
approximate  amount  of  Levene's  nucleoproteid  determined  by  multi- 
plying the  phosphorus  found,  by  the  factor  175.4.  T^he  remainder, 
after  subtracting  the  nucleoproteid  and  neurokeratin  from  the 
total  proteids,  represents  the  simple  proteids  or  globulins  of  Halli- 
burton. It  would  be  desirable  further  to  check  the  determination 
of  Levene's  nucleoproteid  by  an  estimation  of  the  nuclein  bases. 
These  are  present,  however,  in  such  small  amount,  and  the  present 
methods  contain  so  many  sources  of  error,  that  no  reliance  could 
be  placed  on  such  a  result 

The  Determination  of  Extractives  (Water  Soluble) 

AND  Inorganic  Salts. 

The  usual  method   of  determining  the  extractives  and  inorganic 

salts  by  extraction  with  water  and  removal  of  the  proteids  by  boiling 

in  slightly  acid  solution  cannot   be  employed  in  the  case  of   brain 

tissues  on  account  of  the  large  proportion  of  lecithans  present.     The 

lecithans  go  into  colloidal  solution  and  cannot  be  removed  by  boiling. 

In  slightly  acid  solution  (0.32  HCl)  the  lecithans  can,  however,  very 

easily  be  precipitated  by  addition  of  a  little  chloroform.     The  solu- 

'  KChne  and  Chittenden:  Loc.  cil.,  p.  295. 
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tton,  at  first  opalescent,  becomes  cloudy,  and  in  the  course  of  a  day 
the  precipitate  settles  out  leaving  a  clear  solution  which  can  then  be 
decanted  of?.  Unfortunately,  the  proteids  are  not  removed  by  this 
method,  and  it  becomes  necessary  to  harden  or  render  them  insoluble, 
first  by  long  treatment  with  alcohol.  As  this  hardening  is  best  com- 
bined with  the  usual  extraction  described  before,  the  following 
method  has  been  found  to  yield  the  best  results.  As  the  largest 
part  of  the  extractives  and  inorganic  salts  is  found  in  the  ether- 
alcohol  soluble  portion  their  determination  will  be  described  first, 

A.  D«tanninatioii  of  the  extractiv«B  and  Inorganic  salts  In  aloobol- 
«thar-aoliible  portion.  —  Alt  Or  a  known  portion  of  the  alcohol-ether 
extract  is  carefully  evaporated  to  a  small  bulk  on  the  water  bath  and 
the  remaining  liquid  removed  in  a  vacuum  desiccation  over  calcium 
chloride.  This  avoids  any  danger  of  breaking  up  the  larger  mole- 
cules by  heating  to  a  high  temperature.  The  residue  is  emulsified 
with  40  c.c.  of  water,  and  transferred  to  a  graduated  joo  c.z.  flask. 
I  c.c.  of  concentrated  hydrochloric  acid,  and  fifteen  drops  of  chloro- 
form are  added,  the  mixture  thoroughly  shaken  and  made  up  to  the 
mark.  After  settling,  which  takes  longer  with  grey  than  with  white 
matter,  the  now  perfectly  clear  solution  is  filtered  through  a  dry  filter 
paper  and  80  c.c.  evaporated  to  dryness  on  the  water  bath  in  a  plati- 
num dish,  dried  at  105°  C,  and  weighed.  (Total  extractives  and 
inorganic  salts.)  The  residue  should  again  dissolve  easily  in  water 
to  form  a  clear  solution,  which  should  give  no  cloudiness  on  shaking 
with  chloroform  water.  This  residue  can  then  be  used  for  the  deter-, 
mination  of  the  inorganic  sulphates,  phosphates,  the  extjactive  nitro- 
gen, or  the  total  inorganic  salts.    . 

Inorganic  salta.  — The  residue  is  heated  to  a  dull  red  heat,  not  high 
enough  to  volatilize  chlorides,  and  still  sufficiently  high  to  burn  all  the 
carbon  and  leave  a  pure  white  ash.  The  weight  of  inorganic  salts 
is  then  subtracted  from  the  weighing  obtained  above,  and  the  differ- 
ence represents  the  organic  extractives. 

The  sources  of  error  in  this  method  appear  to  be  first,  the  danger 
of  splitting  up  larger  molecules  (cerebrin)  with  the  hydrochloric 
acid.  This  may  be  reduced  to  a  minimum  by  keeping  the  solution 
fairly  cool,  and  not  leaving  the  acid  for  too  long  a  time  in  contactV 
with  the  colloids.  Second,  the  possibility  of  some  of  the  extractives 
dissolving  in  the  chloroform.  This  source  of  error  may  be  reduced 
to  a  minimum  by  using  only  a  small  amount  of  chloroform,  and  also 
by  counting  in  its  volume  in  making  up  the  solution  to  the  mark. 
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The  error  due  to  the  action  of  the  acid  is  very  slight,  as  will  be  seen 
from  the  following  figures; 

9-  2899  gm.  of  corpus  callosum  were  extracted  with  alcohol  and 
ether,  and  the  extractions  divided  into  four  portions.  Two  portions 
were  used  for  this  determination.  One  was  allowed  to  stand  with 
the  acid  one  day,  the  other  seven  days.  They  were  made  up  to 
100  CO.  and  80  c.c.  used  for  the  evaporation. 

I.    Idiy.  II.    7day«. 

Residue  on  cvaponlion    .     .    34,1  mgm.  3J.1  mgm. 

Per  cent  of  tout       ....      1.84  1.78 

The  one  exposed  to  the  acid  for  a  longer  time  contained  even  less 
than  the  other,  the  variation  is,  however,  within  the  limit  of  error. 

b.  Determlii«tioii  of  the  extraotivaa  and  iaoreanlc  BBlta  In  tha  aloohol- 
Bttier-lnaolabu  portion. —  All  of  the  extractives  and  inorganic  salts 
do  not  dissolve  in  the  alcohol  and  ether.  It  is  necessary  to  extract 
the  residue  (left  after  the  last  alcohol  extraction :  see  proleid  deter- 
L  mination)  with  water  to  which  a  little  chloroform  has  been  added. 
About  three  or  four  extractions  are  sufficient,  the  solution  is  evapo- 
rated to  dryness  in  a  platinum  dish,  dried  and  weighed  and  the 
inorganic  salts  determined  by  ignition.  The  organic  extractives  are, 
as  before,  represented  by  the  difference.  The  following  figures  will 
give  an  idea  of  the  relative  amount  of  material  to  be  found  in  the 
two  portions: 

Per  cent. 
Total  residue.   Residue  on  ignition.     Organic,     Inorganic. 
Alcohol-etlier-/d/»#/<r  portion      165.6 mgm.  576 nigm,  1.16  0.62 

Alcohol-ellier/Hitf/a*/,-  portion     50.Z  mgm.  18 6  mgm.  0.35  0.20 

Ui  082 

The  value  obtained  for  the  inorganic  salts  by  this  method  is  espe- 
cially satisfactory,  as  it  comes  very  near  the  amount  required  of  an 
isotonic  salt  solution.  The  organic  extractives  arc  given  as  a  whole, 
the  determination  of  the  individual  constituents  will  have  to  be 
preceded  by  a  more  careful  qualitative  study.  At  present  very  little 
is  known  of  this  important  group. 

Determination  of  the  Lecithans, 
The  members  of  this  group,  as  far  as  investigated,  have  all   been 
found  to  be  characterized  by  one  or  more  methj^l  groups  attached  to 
nitrogen.     Cerebrins  and  the  sulphur  compound  do  not  contain  such 
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a  group.  Among  the  extractives  there  may  at  times  be  present, 
neuridin,  cholin.and  other  substances  which  contain  methyl  attached 
to  nitrogen.  In  applying  Herzig  and  Meyer's  method  of  determining 
the  methyls  attached  to  nitrogen,  to  the  estimation  of  the  lecithans, 
in  the  case  of  tissues  like  the  brain,  it  is  always  necessary,  therefore,  to 
determine  the  amount  of  methyl  groups  present  in  the  extractives  by 
a  separate  analysis,  and  apply  a  correction.  Although  this  correction 
is  hardly  ever  very  great,  calculated  as  cholin,  when  calculated  as 
lecithin,  on  account  of  the  higher  molecular  weight,  it  may  amount 
to  as  much  as  0.5  per  cent.  The  members  of  this  group  contain 
either  one  or  three  methyl  groups.  No  substance  with  two  methyl 
groups  has  so  far  been  found.  To  distinguish  between  the  mem- 
bers of  this  group,  the  temperatures  at  which  the  methyls  split  off 
are  made  use  of.  The  following  gives  the  classification  in  a  tabulated 
form: 

Split  oil  one  CH,  below  240°  C 
none  above  240'  C. 

Kephalin  Slearjrloleyl  lecithin 

(Oxykephalin)  Margeryloleyi  lecilhin 

(Peroxykephalin) 

Myelin  Palmityloleyl  lecithin 

The  amidomyelin,  amidokephalin,  sphingomyelin,  and  assurin  have 
not  been  investigated  with  reference  to  their  methyl  groups.  As 
they  contain  a  higher  percentage  of  nitrogen  than  the  other  members 
of  this  group,  some  idea  as  lo  their  quantity  may  be  arrived  at  from 
a  consideration  of  the  diflTerence  between  the  uitrogen  calculated 
present  as  lecithin,  myelin,  kephalin,  cerebrin,  sulphur  compound 
and  extractive  on  the  one  hand,  and  the  total  nitrogen  found  in  the 
ether-alcohol  extract  on  the  other  hand.  As  this  difference  falls 
within  the  limits  of  error  of  the  determination,  these  so-called  amido 
lecithans  can  be  present  only  as  traces.  Their  high  percentage  of 
nitrogen  makes  it  indeed  probable  that  they  may  be  ordinary  lecithin 
or  kephalin  mixed  with  some  of  the  sulphur  compound.  It  is  quite 
as  difficult  to  separate  this  compound  from  the  lecithans  as  from  the 
cerebrin.  Thudichum  does  not  mention  testing  his  preparations  for 
sulphur.  The  existence  of  paramyelin  I  have  not  been  able  to  con- 
firm, and  it  may,  therefore,  be  neglected. 

DotonulDBtioD  of  leoitblDs  and  kephaUiiB  :  All  or  a  definite  part  of  the 
alcohol-ether  extract  is  evaporated  in  a  dish  or  in  the  double  bulb  be- 
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longing  to  the  apparatus  previously  described  by  me.'  On  account  of 
the  small  size  of  the  double  bulb,  the  evaporation  of  the  always  con- 
siderable amounts  of  alcohol  and  ether  is  very  laborious,  and  the  de- 
termination is  often  lost  on  account  of  the  tendency  of  the  ether  to 
superheat  and  as  a  result  boil  over.  It  is  more  convenient,  therefore, 
to  evaporate  in  an  open  dish  to  small  bulk,  and  dry  in  vacuum  until 
most  of  the  alcohol  is  removed.  The  residue  is  then  transferred  to 
the  bulb  by  dissolving  as  much  as  possible  in  ether,  and  transferring 
the  insoluble  portion  mechanically,  taking  great  care,  however,  not  to 
lose  anything.  The  ether  is  then  evaporated  by  gentle  heating,  and 
the  residue  dried  in  a  stream  of  dry  air  at  about  50°  C.  to  remove 
every  last  trace  of  alcohol.  Slight  amounts  of  moisture  introduce 
no  serious  error. 

After  the  residue  is  thoroughly  freed  from  alcohol  it  is  heated 
in  the  apparatus  previously  mentioned,  with  ammonium  iodide  and 
hydriodic  acid  (sp.  gr.  1,5)  to  a  temperature  not  exceeding  240°  C. 
As  the  thermometer  is  placed  in  a  sand  bath,  this  temperature  is 
not  absolute  and  may  be  subject  to  considerable  variation.  (The 
bulb  of  the  thermometer  should  be  about  even  with  the  bottom 
of  the  double  bulb.)  Usually  the  alcoholic  silver  nitrate  solution  in 
which  the  methyl  iodide  is  converted  into  silver  iodide  begins  to 
become  cloudy  when  a  temperature  of  160°  C.  is  reached  in  the  sand 
bath.  If  the  temperature  is  not  raised  too  suddenly,  a  point  is  reached, 
after  twenty  minuies  or  so,  at  which  the  silver  nitrate  solution 
becomes  perfectly  clear,  and  the  precipitate  has  all  settled  to  the  bot- 
tom. With  the  experiment  properly  adjusted,  the  temperature  of 
240°  C.  should  be  reached  at  just  about  the  time  at  which  the  solution 
becomes  clear.  If  the  silver  nitrate  solution  has  not  become  clear,  the 
temperature  should  be  kept  below  240°  C.  until  it  does.  The  precip- 
itate of  silver  iodide  and  the  supernatant  excess  of  silver  nitrate 
are  then  removed,  and  represent  all  the  methyl  from  kephalin  and 
myelin  and  one  group  from  the  lecithins.  Another  flask,  containing 
silver  nitrate  solution,  is  now  attached,  and  the  temperature  allowed 
to  rise  to  300°  C.  The  liquid  should  remain  clear  for  a  considerable 
time,  as  there  is  quite  a  range  of  temperature  between  the  point  at 
which  the  first  and  the  last  two  methyls  split  off.  Usually  at  280°  C, 
the  second  portion  of  the  methyl  iodide  begins  to  come  over  as  in- 
dicated by  the  silver  nitrate  solution  becoming  cloudy.     When  a  tem- 

'  Koch,  W.  :  University  of  Chicago,  Decennial  Publications,  1903,  x,  p.  95. 
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perature  of  320°  C.  is  reached,  the  liquid  is  again  clear,  and  the 
determination  at  an  end.  The  two  portions  of  silver  iodide  are  poured 
into  twice  to  three  times  their  bulk  of  water,  first  freed  from  alcohol 
by  heating  on  the  water  bath  and  then  acidifled  with  nitric  acid, 
filtered  through  a  Gooch  crucible,  washed,  dried,  and  weighed.  The 
amount  of  silver  iodide  obtained  at  300°  C.  (minus  the  amount  ob- 
tained for  the  extractives  in  a  separate  determination),  multiplied  by 
\.\i^  factor  1.661,  gives  the  amount  of  lecithins  (assuming  4  per  cent 
phosphorus  and  i.S  per  cent  nitrogen).  The  amount  of  silver 
iodide  obtained  below  240°  C.  (minus  the  amount  obtained  for  the 
extractives  in  a  separate  determination),  multiplied  by  the  factor 
3.325,  gives  the  total  amount  of  lecithins,  kephalin,  and  myelin.  The 
amount  of  lecithins  found  previously  must  then  be  subtracted  from 
this  total,  and  the  remainder  represents  approximately  the  kephalin 
and  myelin.  To  obtain  theif  exact  value,  this  result  must  be  divided 
by  the  factor  0.925,  which  corrects  for  the  relatively  smaller  amount 
of  phosphorus  found  in  kephalin,  and  its  larger  molecular  weight.' 
■To  distinguish  between  kephalin  and  myelin  would  be  of  no  more 
value  than  to  distinguish  between  stearyloleyl  lecithin  and  palmityl- 
oleyl  lecithin,  as  they  stand  in  the  same  relation  to  one  another,  being 
homologues.  The  following  may  serve  as  an  illustration  of  the 
methods  of  calculation  described  above: 

1 0.066 1  gm.  of  cortical  grey  matter  were  extracted  with  alcohol  and  ether,  and 
the  extractions  divided  into  five  portions.  One  was  used  to  determine  the 
total  methyl ;  m  another  the  extractive  methyl  was  determined  ;  the  re- 
mainder were  used  for  other  determinations. 

25. 1  tngm,  Ag[ 
2-0  mgm.  Agl 
23.1  X  3.32s  =  7631  mgm.  toial. 


Silver  iodide  at  300°  C 39.6  Agl 

Concclion  for  CH,  in  extractives    .     .      1.6  Agl 


3  X  I  661  =  63  12  mgm.  lecithin 
0.92S  -=r  l3'69  =  14  80  mgm. 


kephali 


In  per  cent  of  total:     3.14  percent  lecithins;  0.74  per  cent  kephalin  and 

VI.  Determination  of  the  Cekebrins. 

The  members  of  this  group  are  all  characterized  by  splitting  0^ 

galactose  with  dilute  hydrochloric  acid.     Phrenin  need  not  be  con- 
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sidered  as  it  is  a  decomposition  product  of  phrenosin.  The  cerebrin 
acids  give  lead  salts  insoluble  in  hot  alcohol,  which  distinguishes 
-Nthem  from  phrenosin  and  kerasin.  No  other  substances  found  in 
the  alcohol-ether-soluble  portion  of  brain-tissues  contain  a  reducing 
sugar  as  a  part  of  their  molecule.  There  may  occasionally  be  some 
sugar  present  in  the  extractives,  but  this  error  can  be  eliminated. 
The  method  of  determining  these  substances  by  the  amount  of 
copper  sulphate  reduced  in  alkaline  solution  by  the  sugar  split  off 
with  dilute  acid,  has  already  been  made  use  of  by  Noll'  for  the  esti- 
mation of  prolagon.  As  his  analyses  have  been  made  carefully, 
it  is  merely  necessary  to  recalculate  them  by  multiplying  the  amount 
of  copper  reduced  with  the  correct  factor.  The  method  of  titrating 
the  copper  with  potassium  cyanide  employed  by  him  is  not  suffi- 
ciently accurate  for  the  small  amounts  of  cerebrin  occasionally  found 
under  pathological  conditions,  especially^n  the  cortex.  It  is  prefera- 
ble therefore  to  tiller  the  reduced  cuprous  oxide  through  a  GoocH 
crucible,  and  oxidize  to  copper  oxide  by  heating  to  a  red  heat  for  half 
an  hour.  The  danger  of  incomplete  oxidation  is  very  slight  with  the' 
small  amounts  of  copper  to  be  considered  in  these  analyses  (less  than 
loo  nigm.). 

Determluatlon  of  copper  valna  of  ptueutMln  (oerebron).  —  The  sample 
of  phrenosin  (ccrebron)  was  prepared  from  brains  of  the  insane,  and 
carefully  purified  by  recrystallization  from  glacial  acetic  acid  and 
alcohol  until  it  was  free  from  phosphorus  and  contained  less  than 
0.07  per  cent  of  sulphur.  The  sample  was  also  free  from  cerebrin 
acids,  as  it  gave  no  precipitate  with  lead  acetate  in  alcohol  solution. 
Whether  or  not  a  substance  prepared  from  brains  of  the  insane  is  of 
value  for  the  comparison  of  normal  and  pathological  brains  cannot 
be  decided  off  hand.  A  comparison  will  have  to  be  made  with  a 
preparation  from  normal  brains  as  soon  as  sufficient  material  can  be 
obtained.  The  phrenosin  was  dried  in  vacuo,  i  gm,  weighed  out 
and  split  up  with  150  c.c.  of  1  per  cent  hydrochloric  acid  by 
heating  over  a  free  flame  to  gentle  boiling  under  a  return  con- 
denser for  twenty  hours.^  The  results  obtained  were  plotted  as 
copper  oxide  and  phrenosin,  and  from  the  plot  the  following  table 
arranged : 


'  Noll,  A. :  Zeilschrifi  fiir  physiolt^ische  Chemie,  1899,  xxvii,  370. 
*  The  solution  was  made  up  10250  c.c-,  and  the  copper  reduced  determined  for 
the  following  quantities  :  50  c.c. ;  40  c.c. ;  35  CC. ;  30  C.C. ;  25  c.c. ;  30  c  c. ;  1 5  C.c, 
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Table  giTing  the  amount  of  copper  oxide  (CuO)  c 
phrenosin   (cerebron),  (also  essentially  the  aan 


CuO. 

CuO. 

Phrenosin. 

CuO. 

Phrenosin. 

■   CuO. 

Phrenosin. 

6 

18.4 

■lUUnw 

27 

69 

160.9 

65.9 

48 

113.6 

7 

20.7 

28 

68.2 

49 

115.8 

70 

1&J-2 

8 

23.0 

29 

69.5 

50 

118.0 

71 

165.5 

9 

25.3 

30 

72.8 

SI 

120.2   . 

72 

167.8 

10 

27.6 

31 

75.1 

52 

122.5 

73 

170.1 

11 

29.9 

32 

77.4 

53 

124.7 

74 

172,4 

12 

32.2 

33 

79.6 

54 

127.0 

75 

174.7 

13 

344 

34 

81.9 

SS 

1292 

76 

177.0 

14 

36.7 

35 

Ml 

56 

131.5 

77 

1793 

15 

38.9 

36 

86.4 

57 

1337 

78 

1S1.5 

16 

41.2 

37 

88.6 

58 

1360 

79 

183.8 

17 

43.4 

38 

908 

59 

138.2 

SO 

1861 

18 

4S.7 

39 

931 

« 

140.5 

81 

188,4 

19 

47.9 

40 

95.4 

61 

142,7 

82 

190.7 

20 

50.2 

41 

97.6 

62 

145.0 

83 

192.9 

21 

52.4 

42 

99.9 

63 

147  3 

84 

195,2 

22 

54.7 

43 

102J 

64 

1496 

85 

197.5 

23 

569 

44 

1046 

65 

151.8 

86 

199.8 

24 

59  2 

45 

1068 

66 

154.0 

87 

202,1 

25 

61.4 

46 

109.1 

67 

1.S6.3 

,     88 

204.4 

26 

63.7 

47 

1113 

68 

158.6 

89 

206.7 

«.  Determination  of  total  oerebrlna,  —  All  or  a  known  portion  of 
the  atcohol-ether  extract  of  a  weighed  quantity  of  brain  tissue  is 
evaporated  to  small  bulk  on  a  water  bath  and  completely  freed  from 
alcohol  in  a  vacuum  desiccator.  The  residue  is  emulsified  with 
water,  transferred  to  a  graduated  flask,  and  hydrochloric  acid  and 
chloroform  added,  as  described  in  the  determination  of  the  extractives. 
After  the  precipitate  has  settled,  the  liquid  is  filtered  off  and  any 
sugar  which  may  be  present  in  the  free  state  thus  removed.     The 
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residue  is  dissolved  in  hot  alcohol,  transferred  to  a  200  c.c.  flask,  the 
alcohol  evaporated  and  the  residue  heated  to  gentle  boiling  for  twenty 
hours  with  i  per  cent  hydrochloric  acid  under  a  return  condenser 
over  a  free  flame.  The  solution  is  transferred  to  a  graduated  flask, 
and  enough  saturated  solution  of  sodium  sulphate  added  to  obtain 
a  clear  and  rapid  filtration.  An  aliquot  part  of  the  clear  fiitrate  is 
neutralized  with  sodium  hydrate  and  10-30  c.c,  Fehling's  solution 
added  in  the  cold.  The  solution,  if  free  from  precipitate,  is  warmed 
on  a  water  bath,  heated  to  boiling  over  a  free  flame,  and  again 
allowed  to  stand  on  a  water  bath  for  several  hours.  This  insures 
the  formation  of  a  coarse-grained  brick-red  precipitate  which  filters 
very  easily.  The  liquid  over  the  precipitate  must  be  of  a  deep  blue 
color  and  not  a  pale  greenish  blue,  otherwise  the  reduction  has  not 
been  properly  made.  The  concentration  of  the  sugar  in  the  solution 
should  never  exceed  a2  per  cent.  The  precipitate  is  filtered  through 
a  Gooch  crucible,  washed  thoroughly  with  hot  water,  dried,  ignited, 
and  weighed,     (^Total  cerebrins.) 

b.  Determinatlati  af  oeTabrin  aoida.  —  Another  portion  of  the  alcohol- 
ether  extract  is  freed  from  ether  by  gentle  warming,  to  the  warm 
alcohol  solution  a  little  ammonia  water  added,  and  then  an  excess  of 
alcoholic  lead  acetate.  The  precipitate  is  transferred  to  a  large 
porcelain  Gooch  crucible,  and  washed  with  hot  alcohol  until  nothing 
more  dissolves.  From  the  filtrate  a  precipitate  separates  out  on  cool- 
ing, which  docs  not  contain  any  cerebrin  acids.  The  precipitate  in 
the  Gooch  crucible  is  treated  with  dilute  hydrochloric  acid  as  de- 
scribed before  for  total  cerebrins.  The  Etmount  of  cerebrin  acids 
usually  found  is  so  small  that  there  is  no  serious  error  in  calculating 
them  from  the  table  given  for  phrenosin.  The  amount  of  copper  oxide 
found  is  subtracted  from  the  copper  oxide  found  for  total  cerebrins 
and  the  amount  of  phrenosin  corresponding  to  the  remaining  copper 
oxide  read  off  from  the  table.  A  comparison  of  phrenosin  as  deter- 
mined by  me,  and  a  result  of  Noll  recalculated,  gives  the  following 
very  interesting  agreement: 

Noll  I  (protagon,  633).        Koch, 
Per  cent  of  phrenosin  in  while  mailer 4.67  per  cent  *,S7 

Noll's  preparation  of  protagon  contained  about  75  per  cent  of  cerebrin, 
the  remainder  consisted  of  sulphur  compound  and  either  lecithin  or 
more  probably  kephalin. 
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"li  ■ 
The  Deter t^jt/kVioN  of  Cholesterin. 
The  cholesterin  is  best  determined  according  to  the  very  excellent 
method  of  Ritter.^^  All  or  a  known  portion  of  the  alcohol-ether 
extract  is  saponified  with  sodium  hydrate,  the  alcohol  evaporated,  the 
excess  of  alkali  almost  neutralized  with  hydrochloric  acid,  evaporated 
to  dryness,  and  sufficient  sodium  chloride  added  to  permit  the  grinding 
up  of  the  slightly  alkaline  mass  in  a  mortar.  The  perfectly  dry 
powder  is  extracted  with  ether,  the  ether  evaporated,  and  the  residue 
again  dissolved  in  perfectly  dry  ether,  and  evaporated.  The  glycerine 
is  left  behind  in  this  manner.  The  residue  is  dried  at  105  C.  and 
weighed.  A  comparison  of  an  analysis  by  Baumstarck  (quoted  by 
Hammarstcn)  with  my  analysis  shows  a  fair  agreement.  This 
method  has  a  tendency  to  give  a  better  yield  of  cholesterin  than  any 
so  far  devised. 

Raumstarck.*         Koch. 
Per  cem  oi  cholesterin  in  white  matter ".     .    4.52  4  86 

Determination  of  Sulphur  Compound. 
In  the  absence  of  more  definite  knowledge  of  the  chemical  structure 
of  the  sulphur  compound,  it  must  be  determined  by  the  amount  of 
sulphur  found.  As  inorganic  sulphates  arc  always  present  and  inter- 
fere with  this  determination  it  is  necessary  to  treat  the  alcohol-ether 
extract  as  described  for  extractives.  The  sulphur  in  the  solution  and 
in  the  precipitate  is  then  determined.  The  sulphur  found  in  the  pre- 
cipitate multiplied  by  25  gives  the  approximate  amount  of  sulphur 
compound.  This  assumes  that  the  pure  compound  has  4  per  cent 
of  sulphur,  which  may  be  too  low.  For  purposes  of  calculation,  the 
phosphorus  may  be  assumed  to  be  2  per  cent  and  the  nitrogen  5 
per  cent. 

Amido  Fats  and  Monophosphatids. 
There  is  at  present  no  method  of  determining  these  substances 
directly.  They  most  probably  represent  post-mortem  decomposi- 
tion products,  and  can  be  present  only  in  very  small  quantity,  as  the 
amount  of  phosphorus  and  nitrogen  not  accounted  for  in  terms  of 
other  constituents  is  within  the  limits  of  error.  The  existence  or 
non-existence  of  these  substances  in  normal,  unchanged  nerve  tissue 

'  RiTTER.E.:  Zeilschrift  fiir  physiologische  Chemie,  1901,  xxxtv.  p.  456. 
*  Hammarsten,  O.  :  Lehrbuch  der  physiologischen  Chemie,  1S99,  p.  y]\. 
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must,  therefore,  be  decided  with  larger  amounts  of  material.  In  nerve 
tissues  undergoing  active  degeneration,  they  may  be  present  in  larger 
amount. 


Summary  of  Analyses. 

Of  the  analyses  so  far  made  with  the  methods  outlined  above,  I  will 
give  two,  with  the  reservation,  however,  that  they  be  regarded  as 
preliminary  and  merely  illustrative  of  the  methods.  The  determina- 
tion of  the  composition  of  the  healthy  human  brain  will  require  a 
large  number  of  analyses. 

The  material  with  which  the  following  two  analyses  were  made 
was  obtained  from  an  epileptic  who  had  died  during  a  seizure.  The 
post-mortem  was  made  twenty-four  hours  after  death,  and  the  material 
immediately  collected  and  analyzed. 

CHEMtCAL   COMPOSITION   OF   HUMAN    BRAIN   (EPILEPTIC). 

Corpus  calloKum.  Corlex  (prefrontal) 

Waier 67.97  84.15 

Simple  pruteidx 3.2    (by  difference}  50    (by  diffeience) 

Nucleoproieid 3.7"  3.0 

Neurokeratin 2.7    (Chittenden)  0.4    (Chittenden) 

Eitraciives 151  1.58 

Inorganic  salts 0.S2  0.S7 

1  Lecithins 5.19  3.14 

'  Kephalin  and  myelin        ....      3.49  0.74 

d.  Amido  lecithans trace  trace 

Phrenosin  and  kerasin     ...    -  4.S7  LSS 

A  Cerebrin  acids trace  none 

Cholesterin 4.86  0.7 

Sulphur  compound 1.40  145 

99.41  102-58 

The  total  for  the  corpus  callosum  indicates  that  pretty  nearly 
everything  has  been  accounted  for.  The  rather  high  result  of 
the  grey  matter  is  probably  due  to  the  greater  difficulty  in  obtaining 
a  uniform  sample.  Such  a  number  of  analyses  could  not  possibly 
be  made  on  one  sample.  The  distribution  of  the  nitrogen  and 
phosphorus  and  comparison  with  the  total  found  indicates  that 
the  most  important  constituents  of  the  alcohol-ether  soluble 
portion  at  least  have  been  accounted  for,  as  will  appear  from  the 
following  tables. 
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PHOSPHORUS. 


Corpus  callosum. 

COETEX    (prefrontal). 

Calculated 
in  per  cent. 

Total  found 
in  per  cent. 

Calculated 
in  per  cent. 

Total  found 
in  per  cenl. 

Ltdthin 

Kephalin  and  myelin 
Inorganic  (det.)      .    .     . 
Sulphur  compound     .    . 

020S 

0.129 
0031 
0028 

01Z6 
0027 
002S 
0.029 

0.3% 

Not  accounted  for  -|-  0.022 

In  per  c«nt  of  total  phosphorus  +  5% 

0.-118 

0.207 

-aoi7 

-8% 

0,19 

NITROGEN. 


Cortex  (prefrontal). 


I«ciihin    .... 
Kephalin  and  myelin 
Cerebrin(1.9S)     . 
Sulphur  compound 
Extractives  (del.)  . 


0.093 

0.059 
0087 
0,070 

0.134 


0.0S7 
0.013 
0.029 
0.073 
0.149 


0.443 

Not  accounted  Tor    0.004 

In  per  cent  of  lolal  nilrogen  — 1"J 


a3zi 

0012 


For  a  better  cotnparison  of  the  relative  composition  of  white  and 
grey  matter  (with  the  exception  of  the  inorganic  salts),  the  following 
table,  calculated  in  per  cents  of  solids,  is  interesting  : 
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Corpus  ollosum. 

(prefrontal). 

Grey  free  frum 

while. 

Simple  proteids 

Neurokeraiin 

Entactives 

Ucithins 

Kephalin,  myelin 

Fhrenoain,  keruin    .... 

Choleiterin 

Sulphur  compound 

10.0 
1156 

8.4 
4.75 
16.ZZ 
10.91 
14.29 
15.Z 
4.37 

27.71 
1666 
2.22 

8.78 
17.44 
411 

861 
3.89 
S.G6 

21,7 
966 

5.92 
7.67 

" 
S.43 

ToUl  solids 32  per  cent                 18  per  cent 

The  third  column  of  figures  given  above  is  obtained  by  calculating 
the  amount  of  medullated  nerve  fibres  (white)  in  the  cortex,  with 
phrenosin  and  kerasin  as  a  basis  and  subtracting.  Noll  has  shown 
that  the  substances  (called  by  him  protagon,  now  known  to  consist  of 
cerebrins)  which  contain  the  reducing  sugar  are  only  present  in  the 
myelin  sheath  and  not  in  the  grey  matter.  An  appro;cimate  idea  of 
the  quantity  of  white  fibres  present  can  therefore  be  arrived  at  from 
the  amount  of  cerebrins  (phrenosin  and  kerasin)  in  the  cortex. 
Calculating  now  the  amount  of  other  constituents  introduced  with  the 
fibres  into  the  cortex,  and  subtracting  them,  the  very  interesting 
result  is  arrived  at,  that  cortical  grey  matter,  free  from  white  fibres, 
besides  containing  no  cerebrins,  also  contains  no  neurokeratin, 
,  cholesterin,  and  kephalin  or  myelin.  Grey  matter,  therefore,  has  a 
"J^very  simple  composition  consisting  of  a  mass  of  proteids,  lecithin,  and 
the  sulphur  compound.  This  result  needs  further  confirmation  by 
other  analyses  before  any  far-reaching  conclusions  can  be  based  upon 
it.  It  serves,  however,  to  indicate  some  of  the  possibilities  of  this 
method  of  attacking  the  problem. 

In  conclusion,  it  gives  me  great  pleasure  to  express  my  thanks  to 
Dr.  F,  W.  Mott,  F.  R.  S  ,  for  placing  at  my  disposal  the  exceptionally 
fine   resources   of    the    Pathological    Laboratory   of    the    Claybury 
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Asylum,  London,  and  to  his  assistant,  Dr.  Watson,  for  his  many 
kind  suggestions  in  the  collecting  of  the  material.  The  funds  for 
carrying  on  the  greater  part  of  this  work,  and  for  collecting  a  large 
amount  of  valuable  material,  some  of  which  still  remains  to  be  an- 
alyzed, were  kindly  supplied  by  the  Rockefeller  Institute  for  Medical 
Research. 
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A   PRELIMINARY    STUDY  OF    THE   DIGESTIBILITY   OF 
CONNECTIVE  TISSUE  MUCOIDS   IN  PEPSIN- 
HYDROCHLORIC  ACID. 

By   E.   R.  POSNER  and   WILLIAM   J.   GIES. 

{From  the  Laboratory  ef  Physiological  Chtmislry  of  Columbi:i  Uitrvertity.  at  tki  Colltgt  of 
Pkyiiiuini  atid  Surg/om,  Nem  Vork^ 

Historical. 

ABOUT  nine  years  ago  Gies  made,  at  Chitlenden's  suggestion,  an 
examination  of  the  results  of  Loebisch's  ^  study  of  tendomucoid. 
In  the  investigation  published  subsequently  by  Chittenden  and  Gies,^ 
the  proteid  products  resulting  in  acid  hydrolysis  of  tendomucoid  were 
found  to  be  albumid,  albuminate,  proteoses,  and  peptone.^ 

Shortly  after  the  publication  of  the  paper  giving  these  results,  Gies 
tried  the  digestibility  in  pepsin-hydrochloric  acid  of  some  of  his 
samples  of  pure  tendomucoid.  A  few  preliminary  experiments  made 
it  evident  that  the  substance  was  digestible  in  that  medium.  During 
the  next  few  years  numerous  testa  of  additional  preparations  which 
had  been  made  in  connection  with  class  instruction,  gave  the  same 
results,*  and  favorable  opportunity  was  awaited  for  detailed  study  of 
the  zymolytic  products. 

At  that  period  (1896-99),  statements  were  current  to  the  effect 
that  connective  tissue  mucoids  {tnucins)  *  are  "  not  digested  by  arti- 

>  LoeuiscH  :  Zeitschrifl  fiir  ph>'sio1ogische  Chemie,  1886,  x,  p.  4a. 

'  Chittenden  and  Giks  :  Journal  of  experimental  medicine.  1896,  i,  p.  186. 
Also  Gibs  and  Collauoratoks:   Biochemical  researches,  1903,  i,  Reprint  No.  13. 

'  Similar  products  have  been  obtained  by  Hammaksten  and  Ilia  pupils.  See 
FoLiN  ;  Zeitschrift  fiir  physiologische  Chemie,  1897,  xxiii,  p,  345. 

•  These  results  were  well  known  to  the  workers  in  this  laboratory  as  early  as 
189S. 

*  No  little  confusion  in  our  understanding  of  gluL^oproteid  relationships  has 
resulted  in  the  past  from  indiscriminate  use  of  the  terms  '■  mucin  ''  and  "  mucoid  " 
Thus,  the  glucoproteids  in  saliva  and  tendon  have  been  regarded  as  mucutt,  and 
the  similar  product  from  cartilage  is  termed  mucoid.  Yet  the  resemblance  l>etween 
the  glucoproteids  obtainable  from  tendon  and  cartilage  is  much  closer  than  that 
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(icial  gastric  juice,"  and  that  these  substances  are  "  insoluble  in  solu- 
tions of  hydrochloric  acid  containing  less  than  i  per  cent  of  the 
acid,"'  although  Schmiedeberg  had  shown  that  cbondromucoid  is 
converted,  during  artificial  gastric  digestion  of  cartilage,  into  a 
number  of  products,  such  as  "  peptochondrin  "  and  "  glutinchondrin,"  ^ 
and  Miiller^  had  observed  that  the  glucoproteid  from  the  respiratory 
passages  was  also  digested  by  pepsin-hydrochloric  acid.  We  have 
since  shown  in  this  laboratory  that  the  mucoids  are  soluble  in  hydro- 
chloric acid  of  less  strength  than  that  of  a  i  per  cent  solution.* 

In  the  paper  by  Chittenden  and  Gies,^  attention  was  called  to  (he 
unexpectedly  high  sulphur  content  of  the  tendomucoid  preparations 
described  by  them.  Their  results  in  this  connection  differed  widely 
from  those  previously  obtained  by  Loebisch.*  Loebisch  found  0.8  per 
cent  of  sulphur  in   his  preparations ;  Chittenden  and  Gies,  2.3  per 

between  the  glucoproteids  in  tendon  and  saliva.  We  have  lately  shown  in  this 
laboratory  ihat  the  connective  tissue  glueoproteids  are  so  much  alike  that  at 
present  they  may  be  regarded  as  almost  identical.  Several  years  ago  we  wrote  as 
follows  regarding  the  glucoproteid  from  tendon;  "  Following  COHN'HElM's  sugges- 
tion (Chemie  der  Eiweissltdrper,  190U,  p.  259),  we  use  the  term  ■mucoid,'  insttad 
of  the  previously  accepted  ■  mucin,'  to  designate  this  substance.  We  agree  witli 
COHNHEtM  that,  for  the  sake  of  dehniteness,  the  term  '  mucin  '  may  be  best  applied 
to  the  gtucoproteids  elaborated  by  true  secretory  cells,  and  the  term  '  mucoid  '  to 
similar  substances  in  the  tissues.  In  the  present  unsettled  state  of  our  chemical 
knowledge  regarding  these  bodies,  such  a  distinction  is  at  best  of  only  temporary 
convenience.  The  original  differences  have  little  importance  in  the  light  of  the 
results  of  recent  researches."  See  CtrxTER  and  Gies :  This  journal,  1901,  vi,  p. 
155;   liiochemical  researches,   1903,  i.   Reprint  No.  S- 

'  HALLIBtlKTOK:  Text  book  of  chemical  physiology  and  palhology,  1891,  pp. 
479  and  481. 

*  Schmiedeberg:  Archiv  fur  experimentelle  Pathologie  und  Pharmakologie, 
1891,  xKviii,  p.  355- 

*  Fr.  MUllek  :  Jahresbericht  iiberdle  Fortschritte der Thier-chemie,  1896,  xxvl, 
p.  6.  MUller's  work  gave  results  suggesting  a  close  relationship  between  con- 
nective tissue  mucoids  and  secreted  mucins.  His  products  from  sputum  yielded 
ethereal  sulphuric  acid,  formic  acid,  and  acetic  acid,  data  similar  to  Schmleiik- 
BEkg's  for  chondro mucoid.  These  substances  were  also  obtained  directly  from 
submaxillary  mucin.  See  also  similar  data  for  ovomucoid  obtained  by  Si^e.ma.v  : 
Jahresbericht  iiber  die  Fortschritte  der  Thier-chemie,  1898,  xxviii,  p,  18.  and  for 
mucins  of  the  digestive  tract  by  Jacswicz  :  /bid.,  1896,  xxvi,  p,  8.  Compare,  also, 
with  the  results  subsequently  obtained  by  Panzek  and  Levene,  page  333. 

*  Gies  and  Collabokatoks  :  This  journal,  1901,  v,  p  400  ;  1902,  vii,  p.  117  : 
also,  niochemlcal  researches,  1903,  i,  Keprinis  Nos.  3  and  4. 

*  Chittenden  and  Gies  :  Loc.  a't. 
'  Loebisch  :  Lee.  cit. 
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cent  in  theirs.  Unfortunately,  Chittenden  and  Gies  failed  to  appre- 
ciate the  close  relation  of  tendomucoid  to  chondromucoid  suggested 
by  their  figures  for  its  sulphur  content  and  elementary  composition 
in  general.'  The  above-mentioned  digestive  results  for  tendomucoid. 
contrasted  with  those  for  chondromucoid  published  a  few  years  previ- 
ously by  Schmiedeberg,"  first  suggested  to  Gies  this  relationship. 
The  intimacy  of  this  relation  was  then  noted  also  in  a  comparison 
of  the  elementary  composition  of  the  two  substances  as  expressed 
in  the  following  figures  for  percentage  content: 

c  H  N  s  o 

Tendomucoid  (Chittenden  and  Gies')  .  48.76  6.55  ii-7S  ^-33  h'*-^7t 
Chondromucoid  (Morner*) 47-30     6-4'     la-jS     3.4J     3128 

Occasional  examinations  of  the  osazone  and  sulphur-containing  pro- 
ducts obtainable  from  each  also  led,  a  few  years  ago,  to  the  con- 
clusions that  chondromucoid  and  tendomucoid  are  more  intimately 
related  than  had  been  supposed,"  and  that  all  the  connective  tissue 
mucoids  are  very  much  the  same.' 

This  idea  was  strengthened  by  the  publication  of  Hammarsten's^ 
views  on  the  "chondroproteids"  (into  which  group  chondromucoid 
and  amyloid  were  placed  because  of  the  similarity  of  their  proteid 
and  ethereal  sulphuric  acid  radicles),  and  also  by  Panzer's^  observa- 
tions, shortly  afterward,  on  the  properties  of  another  "  chondropro- 
teid,"   viz.,  ovariocolloid,    which  likewise  was  found  to   contain   an 

'  They  said :  "  We  present  these  figures  with  some  doubt  in  our  own  minds, 
but,  having  obtained  them  as  (he  result  of  most  careful  work,  we  see  no  possible 
explanation  other  than  that  this  amount  of  sulphur  is  actually  present  in  (he  mole- 

'  Schmiedeberg:  Loc.cic. 

'  It  has  been  shown  frequently  that  Loebisch's  figures  for  sulphur  content  of 
tendomucoid  were  too  low.  The  higher  figures  obtained  by  Chittenden  and  Gies 
have  been  verified  repeatedly. 

*  C.  Th.  MOkner:  Skandinavisches  Archiv  fijr  Physiologic,  1889,  i.  p.  iia 

*  Cutter  and  Gies:  Proceedings  of  the  American^  Physiological  Society, 
1899;  this  journal,  1900,  iii,  p.  vi ;  1901,  vi,  p.  155 ;  also  lliocbemical  reacaj-ches, 
'903,  i,  p.   38  and  Keprint  ^o.   5. 

*  Cutter  and  Gies:  Loc.  cit.;  also  Mead  and  Gies:  Proceedings  of  the 
American  Physiological  Soiiety,  1901  ;  this  journal,  1902,  vi,  p.  xxviii;  Bio- 
chemical researches,   1903,  i,  p.  53. 

'   Hammarste.i  :  Lehrbuch  der  physiologischen  Chemie,  1899,  p.  47. 
'  Panzer:    Zeitschrift  fiir   physiologische   Chemie,   1899,  xxviii,  p.   363  (see 
also  the  third  footnote,  page  331). 
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ethereal  sulphuric  acid  radicle  similar  to  chondroitin  sulphuric 
acid.' 

Some  months  after  the  publication  of  the  very  suggestive  results 
obtained  by  Panrer.  Levene*  reported  similar  facts  connected  with 
tendomucoid.  submaxillary  mucin,^  and  carcinoma  mucoid.  The 
ethereal  sulphuric  acid  product  obtained  by  Levene  was  found  to 
resemble  chondroitin  sulphuric  acid  in  some  respects,  but  also  to 
differ  from  it  in  others,  a  discovery  still  further  emphasizing  the 
resemblance  between  chondromucoid  and  tendomucoid. 

In  the  preparation  of  his  glucothionic  acid,  Levene  also  found  that 
tendomucoid  was  digestible  in  artificial  gastric  juice,  although  he 
did  not  give  the  results  of  any  experiments  to  determine  the  chemical 
nature  of  the  proteolytic  products  thus  formed. 

About  the  time  Levene  was  obtaining  his  results,  Leathes*  identi- 
fied a  chondrosin-Iike  substance  among  the  hydrolytic  products  pro- 
duced from  paramucin.  In  its  preparation  from  paramucin,  the  latter 
body  was  digested  in  pepsin-hydrochloric  acid,  but  the  proteolytic 
products  were  not  described. 

In  Nerking's*  work  on  '*  fat-proteid  compounds,"  it  was  noted  that 
ovomucoid  and  sub-maxiliary  and  snail  mucins  are  digestible  in 
pepsin-hydrochloric  acid.  The  products  of  digestion  were  not 
studied. 

Shortly  after  Gies's  discovery  of  osseomucoid,'  it  was  shown  in  this 

•  Ethereal  sulphate  was  also  obtained  from  tendomucoid  by  Chittenden  and 
CtBS,  but  its  signilicance  was  not  comprehended  until  the  comparisons  were  made 
in  the  course  of  the  further  study  alluded  to  above.  Their  results  in  this  connec- 
tion were  referred  to  briefly  as  showing  that  the  greater  portion  of  the  sulphur 
was  "closely  combineil  (('.  e.,  as  SO^),  a  small  amount  only  being  In  the  form  of 
the  mercaptan  group." 

'  LevENE :  Journal  of  the  American  Chemical  Society  ( Preliminary  communi- 
calioD).  1900,  xxii,  p.  80;  Zeitschrift  fiir  physiologische  Chemie,  tgor,  xxxi,  p. 
395!  IQ^S'  xxxix,  p.  1.  Also,  Studies  from  the  Department  oE  Physiological  Chem- 
istry in  the  Pathological  Institute  of  the  New  York  State  Hospitals,  190Z-1903, 
Reprint  No.  8  (see  also  the  third  iootoote,  page  331). 

•  Levene's  results  with  submaxillary  mucin  extend  the  earlier  data  of  a  similar 
nature  published  by  MCller:  Jahresbericht  iiber  die  Fortschritte  der  Thier- 
cliemie,  1896,  xxvi,  p.  6. 

•  Leathes:  Archiv  fiir  experimenlelle  Pathologic  und  Pharmakoli^e,  1899, 
xliii,  p.  245- 

•  Nerking:  Archiv  (iJr  die  gesammte  Physiologic,  1901,  Ixxxv,  p.  330- 

•  GiES:  Proceedings  of  the  American  Physiological  Society,  1899;  this  jour- 
nal, 1900,  Hi,  p.  vii;  also  Biochemical  researches,  1903, 1,  p.  31. 
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laboratory  that  the  glucoproteid  from  bone  is  also  digestible  in 
pepsin-hydrochloric  acid.'  Similar  facts  were  ascertained  recently 
with  regard  to  the  mucoids  from  ligament^  and  cartilage.^ 

Four  years  ago  we  together  took  up  the  question  of  mucoid  digesti- 
bility. The  results  presented  below  have  been  obtained  in  the  pre- 
liminary experiments  carried  out  occasionally  in  the  mean  time.* 

In  most  of  our  experiments  tendomucoid  was  employed.  Some 
facts  on  the  digestibility  of  the  mucoids  from  bone,  cartilage,  and 
ligament  are  also  given. 

Pkeparation  of  the  Mucoids. 

Teudamuoold  —  This  was  prepared  by  the  customary  method  of 
extraction  from  washed  tendon  sections  in  half-saturated  lime-water, 
and  precipitation  of  the  filtered  extract  with  0.2  per  cent  hydrochloric 
acid.  The  sheath  and  shaft  of  the  Achilles  tendon  of  the  ox  were 
employed,'  The  precipitated  mucoid  was  thoroughly  washed  with 
water  until  free  from  acid,  dehydrated  in  alcohol,  and  then  usually 
dried  to  thin  scales  on  dishes  at  room  temperature."  Large  quantities 
of  tendons  were  used  in  each  preparation,  and  several  hundred  grams 
of  mucoid  prepared  at  one  lime.  The  dried  mucoid  was  much  like 
dry  gelatine  in  appearance,  —  hard,  pliable,  dark  in  color,  and  quite 
transparent.  In  this  condition  it  readily  absorbed  water,  and  when 
immersed  in  it,  the  mucoid  very  soon  became  opaque,  swollen,  white, 
soft,  and,  on  stirring,  flocculent,  like  the  freshly  precipitated  substance. 
It  behaved  in  the  same  way  when  suspended  in  0.2  per  cent  hydro- 
chloric acid.  In  some  of  our  experiments  the  freshly  precipitated 
material  was  used  directly. 

While  this  work  was  in  progress.  Cutter  and  Gies"  obtained  results 

'  Hawk  and  Girs:  This  journal,  i9or,  v,  p.  401;  Biochemical  researches, 
1903,  i,  Reprint  No.  3.  See  also  Kkawkow;  Archiv  fiir  ex  peri  men  telle  Path- 
ologie  und  Pharmakologie,  i8y7,  xl,  p.  195. 

*  Richards  and  Gies  :  This  journal,  1901,  vii,  p.  116;  Biochemical  researches, 
1903,  i,  Reprint  No  4. 

*  POSKER  and  Gies:  This  journal,  1902,  vii,  p.  331  i  Biochemical  researches, 
r903,  i,  Reprint  No.  35, 

'  Some  experiments  in  this  connection  were  also  begun  by  Mead  and  Gies, 
but  these  were  unavoidably  interrupted.  See  Proceedings  of  Ihe  American 
Physiological  Society,  1901;  ihis  journal,  1902,  vi,  p.  xxviii;  ajso  Biochemical 
researches,  1903,  i,  p.  53. 

*  Cutter  and  Gies  :  Loc.  cil. 

'  This  occurred  in  several  hours. 
I  Cutter  and  Gies.  Loc.  cil. 
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which  led  them  to  conclude  that  tendon  contains  more  than  one 
glucoproteid.  They  observed  not  only  that  the  mucoids  from  the 
various  parts  of  the  Achilles  tendon  were  different  in  composition, 
but  also  that  successive  lime-water  extracts  from  the  same  parts  of 
the  tissue  yielded  mucoids  of  dilTerent  composition  and  requiring 
increased  amounts  of  acid  for  their  precipitation.  We  have  verified 
these  results. 

Betow  we  give  the  figures  for  content  of  ash  and  nitrogen  (ash-free 
substance)  of  three  mucoid  fractions  prepared  from  the  same  supply 
of  tendon  pieces  (76  lbs.).  Each  product  required  an  increased 
quantity  of  acid  for  its  precipitation.  The  results  are  also  compared 
with  sample  data  from  those  given  by  Cutter  and  Gies. 


Mucoid. 

N,„„„.^. 

Ash. 

Prepared  by 

Fractions 

1 

2 

3                1 

2 

3 

Culler  and  Giea' 

Posner  and  Gies' 

1264 
12.03 

12.69 
1ZJ4 

13.91      1      0  75 
12-97     1      0.37 

1.78 
0.34 

1,02 

referred  to  below  gave  mucoid  having  the  lowest  nilri^en  conlenl  in   the  siaiid 
fraction. 

»  -  Series  D"  (p.  160)  obtained  from  ihe  "sheath.-     Periods  of  eKtraelion  in 
half-saturated  lime-water,  2  t.c.  per  gram  of  tissue  ;  First,  17  hrs, :  second,  20  hrs. : 
Ihird.  26  hrs. 

'  Obtained  from  whole  tendons  ("  shaft  "  and  "  aheath  ").     Periods  of  extraction  in 
half-satuiited  lime-water,  4  c.c.  per  gram  of  ti.isue  :  First.  48  hrs. ;  second,  96  hrs. ; 
third.  168  hrs. 

Other  mnooids. —  Preparations  of  ghicoproteid  from  cartilage,  liga- 
ment and  bone,  which  had  been  prepared  for  previous  investigations 
in  this  laboratory,  were  at  our  disposal  for  several  experiments. 
These  products  were  separated  and  purified  by  methods  already 
described.' 

'  Hawk  and  Gies:  Loc.  cif.  (osseomucoid);  Richards  and  Gibs:  Loc.  tit. 
(ligameniomucoid);  Posner  and  GiES:  Loc.  cit.  (chondromucoid). 
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Digestion  Experiments. 
The  essential  results  of  our  peptic  digestions  are  briefly  summarized 
below. 

First  experiment.  —  Two  samples  of  dried  tendomucoid  were  taken.  Each 
weighed  i5grams.  Digesilon  proceeded  ai  40°  C.  in  iSooc.c. of  o.a  per 
cent  hydrochloric  acid  containing  0.2  per  cent  comnaercial  pepsin.' 

Sample  A.  —  After  four  days,  much  of  the  mucoid  had  disappeared  into 
a  yellowish  solution,  leaving  behind  a  \>rovin  flocculent  residue.  Free  acid 
was  present  in  the  solution.  On  neutralizing  the  filtrate  the  fluid  remained 
perfectly  clear  —  acidalbumin  attsent.  On  saturating  the  filtrate  with 
ammonium  sulphate,  a  heavy  precipitate  of  proteoses  was  obtained.  The 
filtrate  from  the  proteoses  was  evaporated  to  a  thin  syrup,  and  peptone 
separated  and  identified  with  Ktihne's  method.*  The  amount  of  peptone 
was  quite  smalt. 

Proto-,  hetero-,  and  deutero-proteoses  were  separated  from  the  crude 
proteose  mass,  and  identified  with  KUhne's  methods.*  Secondary  pro- 
teose predominaied. 

Sample  B  was  digested  for  seven  days.  Free  acid  was  present  con- 
tinuously. The  results  were  qualitatively  the  same  as  before.  The  residue 
was  less  in  amount,  the  primary  proteose  was  diminished  also.  The 
secondary  proteoses  and  ]>eptone  were  increased. 

Indigestible  waller.  —  The  residues  from  both  samples  were  combined 
and  treated  with  0.25  per  cent  sodium  carbonate  in  which  the  substance 
readily  dissolved.  On  neutralization  and  further  acidification  with 
0.3  per  cent  hydrochloric  acid  a  heavy  white  flocculent  precipitate 
was  thrown  down.  After  precipilatiou  in  this  way,  this  albumid-like 
body  in  the  moist  condition  had  the  general  appearance  of  mucoid 
itself. 

Second  experiment.  —  Three  samples  of  freshly  precipitated  tendomucoid 
were  taken.     The  substance  was  prepared  from  a  second  exlraa*  of  ten- 

'  All  of  the  digestions  were  carried  out  in  flasks  covered  with  watch-glasses 
and  placed  in  an  incubator.  The  flasks  were  repeatedly  uncovered  and  shaken. 
The  pepsin  used  in  all  of  these  experiments  was  taken  from  samples  of  the 
"  T-aooo"  product  prepared  by  Parke,  Davis,  and  Co.  Each  pepsin- hydrochloric 
acid  solution  prepared  by  us  manifested  strong  proteolytic  action.  The  pepsin 
preparations  were  free  from  sulphate  and  did  not  yield  reducing  sul>stance  on 
hydration  with  acid. 

'See  Hoppe-Sevlek  (THtEKPELDea):  Handbuch  der  physiologiich-  und 
pathologisch-chemischen  Analyse,  1903,  p.  326. 

'  Ibid.,  p.  321. 

*  Cutter  and  Gies;  Loc.  cii. 
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don.  Each  sample  contained  about  30  grams  of  the  moist  precipitate. 
Digestion  was  carried  out  at  40°  C,  in  700  c.c.  of  an  acid-pepsin  solution 
equal  in  strength  to  that  used  in  the  previous  experiment,  and  continued 
three  days.     Free  acid  was  present  to  the  end. 

Acidalbumin  was  absent.  The  proteose  and  peptone  results  were  iden- 
tical with  those  of  the  lii^t  experiment,  except  that  a  larger  proportion 
of  primary  proteose  was  found  in  this  experiment  KUhne's  methods ' 
were  used  for  separating  these  products. 

The  residue  from  each  sample  in  this  experiment  was  brown  and  soft, 
having  a  doughy  eonsUtmey.  It  was  sticky  and  gummy  white  moist  at 
40°  C,  but  on  drying  the  moist  precipitate,  at  room  temperature,  it  ivas 
hard  and  quite  black  (mucoid  dried  under  similar  circumstances  is  light 
brown  in  color).  It  showed  the  same  qualities  as  those  noted  for  the 
residues  of  the  first  ex])eriment. 

Tblrd  ezpaiimeat.  — Three  samples  of  dried  tendomucoid,  each  weighing  ex- 
actly 30  grams,  were  digested  three  days  at  40°  C.  in  1000  c.c,  of  0.2  per 
cent  hydrochloric  acid  containing  o.i  per  cent  commercial  pepsin.  Free 
acid  was  present  ihroughouL 

The  usual  qualitative  results  were  obtained.  In  this  experiment  the 
residue  was  the  same  in  appearance  as  that  of  the  first.  A  small  amount 
of  albuminate'  was  separated,  and  some  dysproteose  was  detected  with 
the  other  proteoses  and  peptone.  Ktihne's  methods '  of  separation  were 
again  employed. 

The  indigestible  substance  in  the  three  flasks  was  thoroughly  washed 
with  water'  and  alcohol,  and  dried.  The  combined  products  weighed  ti 
grams.  Thus  a  total  of  48  grams  of  the  original  substance  had  "  di- 
gested," under  the  conditions  of  the  experiment,  a  quantity  equal  to  80 
per  cent  of  the  tendomucoid. 

Eleven  grams  of  the  residue  were  again  subjected  to  digestive  influences. 
The  material  was  repeatedly  shaken  in  800  c.c,  of  0.2  per  cent  hydrochloric 
acid  containing  0.25  per  cent  commercial  pepsin,  and  the  digestive 
process  continued  at  \o°  C.  for  five  days. 

At  the  end  of  that  lime  free  acid  was  present,  and  considerable  residue 
remained.  This  was  no  longer  llocculent,  but  doughy,  as  in  the  second 
experiment.     All  traces  of  unaltered  mucoid  had  disappeared. 

The  residue  was  again  treated  with  a  fresh  portion  of  the  previous  di- 
gestive mixture.     Digestion  continued  two  days  under  the  usual  condi- 

'  See    Hoppe-Sevlp.r  (Thierfclder):   Handbuch  der  physiologtsch-  und 

pathologisch-chemischen  Analyse,  1903,  p.  326. 

'  During  this  process  it  was  observed  that  the  Interior  of  some  of  the  larger 
flakes  was  white,  a  (act  suggesting  the  presence  of  unaltered  mucoid. 
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tions.  The  appearance  of  the  residue  remained  about  (he  same.  When 
dry,  it  was  black.     It  weighed  3.8  grams.' 

By  the  end  of  the  third  digestion  55.2  grams '  of  the  original  substance 
had  gone  into  solution  in  the  pepsin -hydrochloric  acid — at  least  92  per 
cent  was  digested. 

All  of  these  residues  resembled  albuniid.  Analytic  results  are  tabulated 
on  page  347. 

Fourth  expflrlment.  —  Three  portions  of  dry  tendomucoid,  each  weighing  ex- 
actly 15  grams,  were  digested  for  a  week  at  40°  C.  in  800  c.c.  of  o.a  per 
cent  hydrochloric  acid  containing  0.06  per  cent  commercial  pepsin.  Free 
acid  was  present  throughout. 

Although  the  volume  of  digestive  fluid  was  less  than  before,  and  the  per- 
centage amount  of  pepsin  much  reduced,  no  albuminate  was  detectable  in 
the  filtrate  from  the  residue.  The  latter  had  the  appearance  of  that  of 
the  first  experiment.  The  quantity  of  primary  proteoses  was  less  than  we 
expected.  The  amounts  of  secondary  proteose  and  peptone  were  greater 
than  usual.     Klihne's  methods  *  were  used  for  the  separations. 

The  combined  dry  residues  weighed  18.7  grams.  A  total  of  56.3  grams 
of  the  mucoid  had  disappeared  into  solution  -~  a  digestion  of  75.1  per- 
cent. Seventeen  grams  of  the  residue  were  again  subjected  to  digestion, 
this  time  for  eleven  days  at  40'  C.  in  1000  c.c.  of  0.2  per  cent  hydro- 
chloric acid  containing  0.2  per  cent  commercial  pepsin.  At  the  end  of 
that  long  period,  with  free  acid  present  in  abundance  and  the  pepsin  very 
active,  a  residue  of  7.5  grams  still  remained.  By  this  time  65.8  grams  of 
the  original  substance  had  disappeared  into  soluble  products.  —  a  diges- 
tion of  at  least  87.7  per  cent. 

The  properties  of  the  final  residue  were  the  same,  at  this  stage,  as  in 
the  previous  experiment.     See  analytic  data,  page  347. 

Fifth  experiment.  —  In  this  experiment  we  used  the  mixed  tcndomucoids  pre- 
pared fractionally  with  the  method  of  Culler  and  Gies,  and  referred  to  on 
page  33S-  The  quantity  of  mucoid  was  the  largest  taken  thus  far.  It 
was  divided  into  five  equal  portions,  and  each  was  digested  two  days  at 
40°  C.  in  800  c.c.  of  0.3  per  cent  hydrochloric  acid  containing  0.05  per 
cent  commercial  pepsin.     Free  acid  was  never  absent. 

The  usual  qualitative  resuhs  were  obtained.  Considerable  residue  re- 
mained.   The  filtrate  was  free  from  albuminate,  but  contained  a  large 

'  All  of  the  filtrates  in  these  and  subsequent  experiments  showed  very  strong 
digestive  power  when  tested  with  tibrin.  This  was  not  ascertained  tn  the  previous 
experiments. 

''  One  gram  was  used  for  analytic  purposes. 

*  Hoppe-Sevler  (Thierfeldep)  :    Loc.cit. 
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quantity  ol  proteose,  chiefly  secondary,  only  a  moderate  amount  of  proto- 
proieose,  less  heteroproteose,  hardly  any  peptone.  KUhne's  methods' 
were  used  for  identiTying  these  bodies. 

In  the  moist  cotidition  the  residue  was  flocculent,  brown  in  color,  with 
snow  white  interior  (undigested  mucoid).  After  drying,  it  was  brownish 
black.    The  combined  dry  residues  weighed  46.5  grams. 

Forty-tive  grams  of  this  residue  were  again  subjected  to  digestive  influ- 
ences. This  quantity  was  divided  into  two  equal  parts  and  each  treated  with 
1000  c.c.  of  0.3  per  cent  hydrochloric  acid  containing  o.i  per  cent 
commercial  pepsin.  Digestion  continued  for  six  days  at  body-tempera- 
ture. Free  acid  was  present  continuously.  By  the  end  of  that  period 
the  appearance  of  the  residue  had  altered  very  little,  although  the  total 
quantity  had  decreased  to  15  grams.  The  final  residue  was  flocculent  in 
the  moist  condition. 

Analytic  data  are  tabulated  on  page  347. 

Sixth  ezp«iiiii«nt.  — \  relatively  largequantity  of  freshly  prepared,  moist  ten* 
domucoid,  corresponding  to  about  100  grams  of  dry  material,  was  divided 
into  four  equal  parts,  and  each  portion  digested  two  days  at  40°  C.  in 
800  c.c.  of  0.1  per  cent  hydrochloric  acid  containing  0.6  per  cent  com- 
mercial pepsin. 

Considerable  digestion  occurred.  The  residue  was  white  and  granular. 
After  drying,  it  weighed  29  grams.  Acidalbumin  could  not  be  detected 
in  the  filtrate.  Proteoses  and  peptone  were  separated  with  Kahne's 
method.*  The  primary  proteoses  were  separated  with  Pick's  method,'  in 
which  process  considerable  heteroproteose  was  obtained,  though  proto- 
proteosc  predominated. 

Twenty-eight  grams  of  the  residue  were  digested  five  days  more,  under 
the  conditions  previously  prevailing.  At  the  end  of  that  time  15  grams 
still  remained  undissolved.  The  second  residue  was  still  granular  and  a 
dark  gray  in  color. 

Twelve  grams  of  the  second  residue  were  again  subjected  to  the  same 
digestive  conditions  for  another  period  of  five  days.  A  residue  of  5  grams 
persisted.*  In  the  moist  condition  this  was  finely  granular;  when  dry  it 
was  dark  brown. 

Free  acid  was  continuously  present  in  all  of  the  digestive  fluids  of  this 
experiment.     Analytic  data  are  given  on  page  347, 

'  Hoppe-Sevler  (Thierfelder)  :  Loc.  cil. 
>  Ihid. 

'  Ibid.,  p.  323. 

•  The  alcoholic  washings  of  the  residues  deposited,  on  standing,  a  light,  white 
gelatinouPi  precipitate.     The  amount  was  small.     Its  nature  was  not  determined. 
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Baventh  exp«riinent  —  From  4  to  ro  grams  of  dry  samples  of  osseomucoid, 
chondromucotd,  and  ligamentomucoid  were  subjected  to  digestive  condi- 
tions equivalent  to  iliose  of  the  first  experiment.'  Free  acid  was  present 
throughout  each  digestion. 

Albuminate  could  not  be  detected  in  the  filtrates  from  the  residues. 
Proteoses  and  peptone  were  identified  with  Kuhne's  methods.  Second- 
ary proteose  predominated. 

The  residues  were  brown  and  doughy,  while  moist;  dark  brown  and 
hard,  when  dry. 

Eighth  experiment.  —  Portions  of  the  proto-,  hetero-,  and  deuteroproteoses  and 
the  peptones  of  the  fourth  and  sixth  experiments  were  combined  and  sep- 
arated with  Pick's  method.'  Proto-and  hetcroproteoses,  deuteroproteoses 
A,  B,  and  C,  and  peptones  A  and  B  were  obtained  in  the  process.  Deu- 
teroproteose  B  greatly  predominated  over  deuteroproteose  A  and  C,  and 
all  other  products. 

ITinth  ezperlment.  —  A  mixture  of  samples  of  the  various  residues  available, 
amounting  to  9  grams,  was  subjected  to  digestion  for  four  days  at  40°  C-, 
in  500  c.c.  of  0.2  per  cent  hydrochloric  acid  containing  0.2  per  cent 
commercial  pepsin.  Most  of  the  residue  remained  insoluble  and  was  un- 
changed in  appearance.  The  filtrate  was  free  from  albuminate,  but  con- 
tained secondary  proteoses  and  peptones,  though  in  relatively  small 
amount.'  The  residue  retained  its  usual  properties,  including  that  of 
yielding  reducing  substance  in  abundance  on  hydration  with  dilute  acid 
(see  page  34a). 

Oeneral  reaalts  and  oonoluslona.  —  The  preceding  experiments  gave 
digestive  results  in  perfect  harmony  with  the  qualitative  data  pre- 
viously obtained  by  Gies.*  In  all  cases,  as  soon  as  the  digestive 
mixture  became  lukewarm,  the  mucoid  began  to  diminish,  the  density 
of  the  solution  immediately  above  the  mucoid  was  seen,  on  shaking, 
to  be  greater  than  that  of  the  rest  of  the  fluid,  the  snow-whiteness 
of  the  solid  gradually  disappeared,  the  residue  changed  its  consistency 
and  increased  its  brownish  color,  and  the  solution  deepened  in  a 
yellowish  brown  tinge,  such  as  fairly  concentrated  solutions  of 
proteoses  always  exhibit. 

The  digestive  media  were  so  active,  and  the  periods  of  digestion 

'  Posner  and  Gies  :  Loc.  cil. 

'  Hoppe-Sevler  (Thierfei-der)  :  Loc.  cit.,  p.  322. 

•  This  quantity  was  greater  than  any  that  may  have  been  introduced  with  the 
pepsin. 

*  GiES :  See  page  330. 
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relatively  so  long,  that  acidalbumin  was  almost  always  absent, 
although,  as  indicated  in  the  third  experiment,  it  is  undoubtedly  formed 
as  an  intermediate  product.  Albumid-like  products,  primary  and 
secondary  proteoses,  and  peptone  invariably  resulted.  As  a  rule,  the 
quantity  of  secondary  proteoses  obtained  was  greater  than  that  of 
any  of  the  other  soluble  products. 

The  foregoing  results  make  it  evident  that  the  connective  tissue 
mucoids  are  digestible  in  gastric  juice.  That  mucoids  are  more 
resistent  to  the  action  of  pepsin-hydrochloric  acid  than  many  other 
proteids  is  very  evident,  however,  from  these  experiments,  for  the 
proportion  of  insoluble  matter  was  always  quite  large,  even  after  long 
intervals  of  treatment  with  particularly  vigorous  artificial  gastric 
juice.'  At  best,  digestion  is  relatively  slow  and  gradual  under  the 
conditions  of  these  experiments.' 

On  the  Nature  of  the  Indigestible  Matter. 
In  all  of  our  pepsin-hydrochloric  acid  digestions  of  the  connective 
tissue  mucoid  under  examination,  a  fairly  large  proportion  of  the 
material  remained  insoluble.  We  have  already  alluded  to  the  fact 
that  this  residue  possessed  albumid-like  properties,  but  it  was  unlike 
albumid    in  yielding  much   reducing  substance,  and  considerable 

'  We  have  had  several  mucoid  preparations  digesting  at  room  temperature,  in 
the  original  digestive  mixture,  for  about  two  years.  At  the  end  of  that  time  free 
acid  was  present,  the  fluid  had  a  strong  solvent  action  on  fibrin,  but  the  residues 
were  apparently  almost  as  large  in  amount  as  they  had  been  after  the  first  week's 
digestion. 

'  Trypsin  appears  to  digest  mucoid  much  more  rapidly  and  thoroughly  than 
pepsin. 

(d)  In  one  of  our  experiments  in  this  connection  lo  grams  of  crude  tendo- 
mueoid  were  digested  two  days  at  40°  C.  in  250  c.c.  alkaline  iryptic  solution 
(0.25  per  cent  Na,CO,).  At  the  end  of  that  time  practically  all  the  substance  had 
gone  into  solirtion,  albuminate  was  missing,  only  a  trace  of  proteose  could  be  sep- 
arated, but  a  fairly  large  proportion  of  peptone  could  be  detected.  A  very  strong 
tryptophan  reaction  was  given  by  the  fluid,  and  tyrosin  was  conspicuous  among 
the  crystalline  products.  The  peptone  separated  with  KOhne's  method  failed  to 
yield  reducing  substance  on  hydration  with  dilute  acid  (see  page  348). 

{b)  Three  grams  of  residue  obtained  in  previous  peptic  digestions  were  sub- 
jected to  the  treatment  detailed  under  (n),  with  practically  the  same  results.  All 
of  the  material  was  converted  into  peptone  and  crystalline  products.  The  trypto- 
phan reaction  was  only  very  faint,  only  a  trace  of  proteose  was  detectable,  and 
tyrosin  was  abundant.  The  peptone  separated  with  Kuhne's  method  again  failed 
to  yield  reducing  substance  after  acid  decomposition  (see  page  348}. 
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ethereal  sulpfaate  after  decomposition  with  2  per  cent  hydrochloric  acid. 
The  doughy  consistency  and  other  properties  of  these  residues  at 
times  reminded  ua  of  Schmiedeberg's  peptochondrin '  and  led  us  to 
look,  with  success,  for  the  above  radicles  on  decomiMsition. 

It  is  now  well  known  that  the  chondroitin  sulphuric  acid  obtain- 
able from  chondromucoid,  and  the  glucothionic  acids  from  various 
other  mucoids,  share  the  property  of  combining  with  proteoses  and 
other  proteids  to  form  soluble  or  insoluble  products  in  the  presence 
of  free  acid,  or  under  other  conditions.  That  our  indigestible  residues 
were  such  compounds  is  certain.^ 

Analytic  data  are  tabulated  on  page  347. 

In  the  belief  that  the  various  digestive  residues  were  glucothionic 
acid  compounds  similar  to  Schmiedeberg's  peptochondrin  rather  than 
typical  albumid,  we  made  several  attempts  to  isolate  such  substances 
from  the  insoluble  products.    Our  results  are  briefly  summarized  below. 

A.  SobmledebArg'a  mettaod  of  isolating  chondroitin  sulphuric  acid  was  first 
tried.  Portions  of  the  digestive  residues  obtained  in  the  lirst  and  second 
experiments  were  treated  with  1.5  per  cent  hydrochloric  acid  at  room 
temperature  for  about  twenty-four  hours.  A  dark  brown  turbid  solution 
resulted.  A  very  small  amount  of  unidentified  matter  remained  insoluble 
even  after  long  standing  and  repeated  stirring.'  On  treating  the  filtrate 
with  one-fourth  its  volume  of  95  per  cent  alcohol,  it  remained  perfectly 
clear.  The  substance  in  this  filtrate  had  no  reducing  action.  After  boil- 
ing with  2  per  cent  hydrochloric  acid,  however,  an  abundance  of  reducing 
substance  was  produced.  The  above  alcoholic  filtrate  was  next  treated, 
in  excess,  with  a  mixture  of  four  volumes  of  absolute  alcohol  and  one  of 
ether,  when  a  heavy  while  llocculent  precipitate  was  obtained.*  This 
material  dissolved  readily  in  dilute  potassium  hydroxide  to  a  brown  solu- 
tion. On  adding  to  the  latter  four  volumes  of  95  per  cent  alcohol,  a 
voluminous  while  gelatinous  precipitate  was  thrown  down.  The  filtrate 
was  yellowish  in  color.' 

'    SCKMIEDEBERG  :    Loc.  cit. 

'  See  page  349,  for  facts  relating  to  our  proteoses  in  this  conaection ;  also  facts 
regarding  "  chondralbumin  " :  Schmiedcberg.  Loc.  cit. 

*  On  -warming  this  substance  in  z.5  per  cent  hydrochloric  add,  practically  all 
of  it  dissolved.  On  decomposing  it  thoroughly  in  this  acid,  no  reducing  substance 
was  obtained  from  it. 

*  On  adding  to  the  filtrate  a  small  quantity  of  10  per  cent  solution  of  sodium 
chloride,  an  additional  precipitate,  presumably  of  the  same  substance,  was  formed. 
This  product  was  not  admixed  with  the  first  precipitate,  however. 

*  On  neutralizing  this  filtrate,  no  precipitation  occurred.  On  rendering  it  acid, 
the  yellow  color  disappeared  and  a  slight  turbidity  ensued. 
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a.  The  precipitate  obtained  in  this  way  was  found  to  be  readily  soluble 
in  cold  water.  The  solution  was  brownish  and  turbid.  The  turbidity 
did  not  increase  perceptibly  on  boiling.  The  watery  solution  of  the  pre- 
cipitate had  no  reducing  action.  After  boiling  a  few  minutes  with  2  per 
cent  hydrochloric  acid,  a  strong  reducing  power  was  manifested,  and  an 
abundance  of  ethereal  sulphate  was  detected.  The  precipitate  seemed  to 
be  a  crude  basic  potassium -giucothion ate. 

At  this  point  our  product  was  divided  into  two  approximately  equal 
parts.  One-half  was  used  for  the  preparation  of  a  potassium -copper  salt. 
Tlie  other  was  treated  with  Levene's  method,  as  indicated  under  B, 

b.  Polassium-copper  compound.  — The  portion  of  the  precipitate  ressn'ed 
for  this  preparation  was  first  dissolved  in  water.  This  solution  was  treated 
successively  with  a  moderate  excess  of  copper  acetate,  then  with  potassium 
hydroxide  until  a  deep  violet  color  was  produced,  and  next  with  a  large 
excess  of  97  per  cent  alcohol,  when  a  heavy,  bluish  green,  fiocculent  pre- 
cipitate was  thrown  down.  This  precipitate  was  dissolved  in  water,  and 
the  solution  again  poured  into  an  abundance  of  97  per  cent  alcohol ;  but 
only  turbidity  resulted,  until  the  mixture  was  made  faintly  alkaline  with 
potassium  hydroxide,  when  the  potassium-copper  precipitate  was  again 
obtained  in  large  flakes.  The  substance  was  re-precipiialed  a  second 
time,  thus  freeing  it  almost  completely  from  proieid  radicles. 

This  compound  was  readily  soluble  in  water,  and  gai't  a  slight  biuret 
reaelion.  Added  to  an  aqueous  solution  of  Witte's  peptone,  no  precipitate 
resulted.  On  acidifying  the  mixture  with  acetic  acid,  however,  a  heavy 
percipitate  formed  at  once.  The  acetic  acid  had  no  such  effect  on  either 
the  aqueous  solutions  of  our  compound  or  of  the  Witte's  peptone.  When 
the  acidified  solutions  were  mixed,  heavy  precipil.ites  resulted.  After  de- 
composition in  3  per  cent  hydrochloric  acid,  heavy  reduction  of  Fehling's 
solution  was  manifested,  and  an  abundance  of  sulphate  precipitated  as 
barium  sulphate. 

The  average  amount  of  nitrogen  contained  in  this  product  was  4.84 
per  cent.  These  figures  are  high,  doubtless  because  of  the  presence  of 
admixed  proteid,  yet  their  nearness  to  those  for  the  same  compound  of 
chondroitin-sulphuTtc  acid  is  significant. 

L«vene's  m«thocl  was  next  employed.  One-half  of  the  precipitate  ob- 
tained, as  indicated  under  "  a  "  above,  was  dissolved  in  2  per  cent  potas- 
sium hydroxide  solution  and  allowed  to  stand  nearly  forty-eight  hours. 
At  the  end  of  that  interval,  the  alkali  was  nearly  neutralized  with  acetic 
acid,  the  faintly  alkaline  solution  was  treated  with  a  moderate  eiccess  of 
picric  acid,  and  then  made  strongly  acid  with  acetic  acid.  The  filtrate 
from  a  slight  precipitate  was  directed  into  4-5  volumes  of  95  per  cent 
alcohol,  and  a  heavy  white  gelatinous  precipitate  obtained.     Nearly  all  of 
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the  precipitate  dissolved  readily  in  water,  and  the  process  was  repeated 
with  the  fiUtate. 

The  aqueous  solution  of  the  substance  thus  separated  was  acid  to  litmus 
and  ga7-e  a  slight  biuret  traction.  The  substance  yielded  reducing  mate- 
rial and  ethereal  sulphate  on  decomposition,  and  showed  the  same 
behavior  in  the  presence  of  Wilte's  peptone  and  acid  as  that  indicated  for 
the  potassium-copper  compound  under  "  b  "  on  page  343. 

The  nitrogen  content  was  found  to  be  5.»a  per  cent. 

C.  LeT«iie'a  method  oombined  with  Morner's  method  was  also  used  on 
two  different  mixtures  of  digestive  residues  designated  below,  1  and  11. 

I  a.  Levene's  method.  —  The  remaining  portions  of  the  second  residues 
obtained  in  the  fourth  and  fifth  experiment  were  combined  and  dissolved 
in  10  per  cent  sodium  hydroxide.  A  greenish  brown,  slightly  turbid  fluid 
resulted.  The  process  indicated  in  tlic  first  paragraph  under  "  B"  was 
duplicated  at  this  point,  except  that  sodium  hydroxide  was  used  instead  of 
the  caustic  potash,  and  the  acid  substance  was  reprecipitated  a  second 
time. 

I  b.  Morner's  method.  — The  precipitate  thus  obtained  and  correspond- 
ing in  the  main  10  that  produced  under  "  B''  was  next  entirely  dissolved  in 
S  per  cent  sodium  hydroxide,  to  a  yellowish  brown  solution.  This  was 
neutralized  with  acetic  acid,  the  fluid  remaining  entirely  clear.  Tannic 
acid  was  then  added  in  moderate  excess,  when  only  a  slight  turbidity  re- 
sulted. On  adding  acetic  acid  in  small  quantity,  the  turbidity  was  not 
appreciably  increased.  Tannic  acid  was  removed  from  the  filtrate  with 
lead  acetate ;  the  excess  of  lead  was  precipitated  from  the  next  filtrate  with 
hydrogen  sulphide. gas.  The  lead-free  filtrate  was  neutralized,  concen- 
trated on  the  water  bath  at  a  low  temperature,  and  the  thin  syrup  that 
resulted  was  poured  into  3  large  volume  of  alcohol.  Only  heavy  turbidity 
resulted  at  first.  In  a  short  time,  however,  a  flocculent  precipitate  setded 
out. 

I  o.  Levene's  method.  —  The  precipitate  obtained  by  the  above  purifi- 
cation process  was  dissolved  in  water  and  Levene's  method  again  applied 
to  it. 

The  precipitate  that  resulted  was  dissolved  in  water  to  a  clear  solution. 
This  solution,  whether  neutral  or  acid,  gave  no  further  precipitation  with 
either  picric  acid  or  tannic  acid.  The  solution  was  finally  treated  with 
alcohol  in  excess,  and  the  precipitate  washed  and  dehydrated  for  the 
usual  analysis.     3.2  grams  of  purified  substance  were  obtained. 

I  d.  The  aqueous  solution  of  the  sul>st3nce  was  acid  in  reaction. 
With  potassium  hydroxide  and  copper  acetate  it  gave  the  product  obtained 
under  "  A,  b."  The  product  appeared  to  be  entirely  free  from  biuret  re- 
acting material.     A  proteose  solution  was  not  precipitated  by  a  neutral 
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watery  solution  of  our  compound ;  an  acidified  solution  of  proteose 
was  heavily  precipitated  by  U.  The  usual  reduction  and  sulphate 
reactions  were  obtained  after  decomposition  in  i  per  cent  hydrochloric 
acid. 

Our  analytic  results  were  the  following: 

Ash  =2.05  percent 

Nitrogen  =  1.95   "    " 
Sulphur  =5.91    "      " 

II  a.  Momer's  method. — Combined  residues  obtained  in  the  third 
experiment,  amounting  to  15.5  grams,  were  dissolved  in  300  c.c.  of  3.5 
per  cent  sodium  hydroxide.  An  abundant  precipitate  of  glucothionic  acid 
was  obtained  by  Momer's  method,  as  above. 

II  b.  Levene's  method.  — The  alkaline  solution  of  the  substance  pre- 
pared by  the  preceding  process  was  treated  with  sodium  hydroxide,  and 
Levene's  method  carried  forward.  The  final  substance  was  re  precipitated 
twice.  3.4  grams  were  obtained,  —  a  quantity  equal  to  23.9  per  cent  of 
the  residue  taken  at  the  beginning. 

This  product  seemed  to  be  identical  with  the  one  referred  to  under 
"  I  d." 

The  following  analytic  results  were  obtained  : 

Ash  =  2.79  per  cent 

Nitrogen  =  j.43   "      " 
Stilphur    =  6.66   "      " 

0«i)«xal  FMulta  and  concluaions. —  The  residues  obtained  in  the 
seventh  experiment  from  chondromucoid  and  osseomucoid  contained 
an  abundance  of  the  carbohydrate  radicles,  gave  strong  reactions  for 
sulphate  after  decomposition  with  hydrochloric  acid,  and  appeared  to 
be  practically  identical  qualitatively  with  the  residue  from  the  tendo- 
mucoid.  The  residue  from  the  ligamentomucoid  was  not  examined 
in  this  particular  connection,  but  its  appearance  indicated  that  identi- 
cal results  would  have  been  obtained  with  it. 

In  our  last  two  separations,  under  "C,"  the  products  were  practi- 
cally free  from  proteid  radicles,  as  was  indicated  by  negative  biuret 
reactions,  and  they  appeared  to  be  acid  substances  directly  compar- 
able to  chondroitin  sulphuric  acid.  On  the  next  page  we  give  com- 
parative figures: 
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NITROGEN    AND   SULPHUR    IN  Gl.UCOTIIIONIC   ACIDS. 


Substance.' 

Formula. 

Analyied  by 

Nitrogen.    Sulphur. 

1.  Chondroitin   sul- 
phuric acid      .     .    . 

2.  Glucothiotiic      acid 
fiom  mucoid  diget 
live  residues   .     .     . 

3-  Chondroitin  copper 
sulphate      .... 

4.  Chondroitin  copper 
sulphiite      .... 

C„H„NSt)„ 

c„ii„CuNsa„+HjO 

CuHuCuNSO„+II,0 

(Calculated) 

Poaner  and  Gies 

(Calculated) 
Schmiedeberg 

249 

1    I  2.95 
i  II  243 

218 
245 

S.71 

IS  VI 
16.66 

SCO 
496 

'  Similar  resulls  are  given  liy  MOhnm:  Skandinavisches  Archiv  fiir  Physiologie, 

A  comparison  of  the  above  results  with  those  obtained  by  Schmiede- 
berg, Levene,  and  others,  makes  it  evident,  we  think,  that  our  residues 
contained  a  radicle  similar  to  chondroitin  sulphuric  acid.  Our  ana- 
lytic data  show  hardly  any  more  variation  than  those  obtained  by 
previous  investigators,  and  it  is  quite  as  likely  that  variable  double 
compounds  or  mixtures  were  produced  and  analyzed  in  these  experi- 
ments, as  in  the  work  of  Schmiedeberg  and  of  Levene.  Schmeide- 
berg  found  that  the  glucothionic  acid  from  cartilage  decomposes 
readily,  forming  mixtures,  e.g.,  of  chondroitin  and  chondroitin  sul- 
phuric acid ;  that  it  is  very  difficult  to  remove  proteid  from  it,  that 
it  unites  easily  with  other  impurities,  and  that  its  compounds  are 
transformed  chemically  to  a  certain  extent  even  on  drying  in 
a  desiccator  over  sulphuric  acid  at  ordinary  temperatures.' 

The  residues  left  behind  in  our  digestive  experiments  are  evidently 
compounds  containing  proteid  and  glucothionic  acid  radicles.  Whether 
the  residues  represant  resistant  fragments  of  the  mucoid  molecule,  or 
whether  they  are  formed  anew  by  a  different  union  of  proteid  and 
glucothionic  acid  radicles  split  off  in  the  digestive  process,  can  only 

■  Differences  between  the  glucothionic  acids  from  chondromucoid  and  tendo- 
mucoid  have  been  brought  out,  lately,  in  the  experiments  of  Orgler  and  Nein 
BERG  (Zeitschrift  fitr  physiologische  Chemie,  1903,  xsxvii,  p.  407)  and  of  LEVENE 
{^Ibid.,  1903,  xxxix,  p.  [ ;  also  Studies  from  the  Department  of  Physiological 
Chemistry  of  the  Pathological  Institute  of  the  New  York  Slate  Hospitals,  T901- 
1903,  Reprint  No.  8). 
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be  guessed  at  present.  That  they  may  result  from  such  interactions 
of  digestive  fragments  is  evident  from  the  fact  that  the  glucothionic 
acids  of  the  type  here  considered  form  various  kinds  of  pseudo- 
mucoid  products,  such  as  Schmiedeberg's  peptochondrin,  when 
brought  into  contact  with  gelatine,  proteoses,  etc.,  in  acid  solutions. 

Thus  far  we  have  not  attempted  to  ascertain  the  nature  of  the  pro- 
teid  radicles  associated  in  ihe  residues  with  the  glucothionic  acid. 

Further  facts  regarding  the  digestive  residues  may  be  noted  from 
the  figures  tabulated  below.  The  nitrogen  content  of  each  residue 
was  always  less  than  that  of  the  mucoid  itself,  and  after  each  diges- 
tion the  subsequent  residue  had  a  still  smaller  nitrogen  content. 

These  facts  are  in  harmony  with  our  preceding  deductions,  and 
indicate  strongly  that  the  proteid  radicles  were  relatively  decreased, 
either  in  number  or  complexity,  or  both,  as  the  peptic  treatment  of 
the  residue  continued. 


EXPKRl- 

No.' 

iH£ 

UM.I0E9TKU 

Primary  Mi'co- 
pkoteose.^ 

Skcond- 
ARV  Mir- 

Muco- 

Kirsl. 

Second. 

Pro to. 

Ilelero. 

Ill 

12J1 

ia45 

9.91 

15  27 

10.70 



IV 

12.31 

10.73 

9.70 





12,70 

13.89 

V 

12,18 

10-74 

10.08, 

13.43 

1Z.91 

9-BS 



VI 

1282 

1171 

11.M 

1246 

— 

1381 

1  As 

-free  substa 

d  10  constar 

t  weight 

at  110= 
'  Sec 

C,     The  fig 
page  348. 

ares  are  averages  of  closely  agreeing  dupUc 

les. 

As  a  rule  the  percentage  of  nitrogen  in  the  peptones  is  less  than 
in  the  original  proteids  from  which  they  were  produced.*  The 
quantity  of  nitrogen  in  the  mucopeptones  is  relatively  higher  than 
in  the  mucoids.  This  difference  is  due  to  the  fact  that  the  mucoid 
contains  the  glucothionic  acid  radicle  (with  its  small  nitrogen  con- 
tent), whereas  the  mucopeptone  does  not.     It  is  very  probable  that 

•  Chittenden  :  Digestive  proteolysis,  1895,  p.  67  *•/  seg. 
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the  nitrogen  content  of  the  proteid  part  of  the  mucoid  molecule  is 
considerably  higher  than  that  of  our  mucopeptones. 

On  the  Properties  of  the  Soluble  Digestive  Products. 

So  little  albuminate  was  obtained  in  these  experiments  that  no 
special  aitention  was  paid  to  it. 

Our  various  mucoproteoses'  gave  the  well-known  general  reac- 
tions characteristic  of  the  group  to  which  each  belonged.  Thus  the 
primary  muco proteoses,  as  separated  with  Kiihne's  method,  were 
precipitated  by  concentrated  nitric  acid,  and  by  acetic  acid  and 
potassium  ferrocyanide ;  the  secondary  products  were  not.  The 
latter  were  readily  precipitated  by  trichloracetic  acid  and  by  potassio- 
mercuric  iodide.  All  of  these  precipitates  disappeared  on  warming 
and  reappeared  on  cooling.  Heteromucoproleose  was  separable  on 
dialysis  of  its  saline  solutions,  and  was  insoluble  in  water.  On  one 
occasion  dysproteose  was  formed  (page  337). 

The  secondary  mucoproteoses  always  predominated  in  amount  in 
these  experiments.  The  quantity  of  peptone  was  usually  small.  The 
physical  properties  of  the  various  products  were  about  the  same  as 
those  of  typical  proteoses  from  other  sources. 

On  decomposing  with  acid,  and  testing  the  products  with  Fehling's 
solution  in  the  usual  way,  variable  reduction  results  were  obtained. 

The  mucopeptones  always  failed  to  yield  reducing  products.  The 
neutralized  digestive  filtrate  was  without  reducing  action,  but  after 
acid  decomposition  it  gave  a  strong  reduction  of  Fehling's  solution. 

In  one  instance  protomucoproteosc  and   in   another  heteroniuto- 

'  Hammarsten  has  prepared  proteoses  and  peptones  Erom  various glucoproie ids 
by  treating  them  with  alkali  and  acid.  He  designates  the  former  laxtcmalbumosts, 
the  latter,  mucinpeptone.  He  hsu  also  separated  from  ascites  fluid  a  product 
termed'  by  him  ia-\ic\naIliumose  (Zeitschrift  fiir  physiologische  Chemie,  1891, 
rv,  p.  ao6;  see  also  Folin:  Ibid.,  1897.  xxiii,  p.  360).  It  appears  (o  us  that  the 
X^tm%  mucoproteose  3.TiA  invffi^ir//i>nf  are,  perhaps,  belter  adapted  for  designating 
the  proteoses  and  peptones  obtained  from  the  mucoids.  We  do  not  know  thai  the 
proteid  part  of  the  glucoproteid  molecule  consists  of  albumin.  The  term  "  gluco- 
proteose  "  would  also  be  unsatisfactory  in  this  connection,  because  It  has  already 
been  applied  to  deuteroproteose  B  prepared  from  fibrin  and  other  proteida  with  the 
Pick  method  (Beitrage  zurchemischen  Hhystotogie  und  Pathologie,  1902,  ii,p.4S0- 
"  Mucose,"  already  used  in  another  connection  by  MOllek  {Loc.  cit.'f.  would  be 
apt  to  suggest  a  carbohydrate  rather  than  a  proteid  product.  The  current  ua«  of 
such  names  as  albumoses,  caseoses,  myosinoaes,  globuloses,  etc..  warrants  also,  «e 
think,  the  employment  of  the  descriptive  terms  mucefirirleoses  and  mucopepienes, 
as  proposed  above. 


ibyGoogle 


The  Digestibiliiy  of  ConHective  Tissue  Mucoids.     349 

proteose  slightly  reduced  Fehling's  solution  before  their  decompo- 
sition with  dilute  acid.  In  other  instances,  reducing  power  was 
manifested  only  after  decomposition  with  acid.  Occasionally  no 
reduclioH  of  Fehling's  solution  could  be  observed  even  after  decom- 
position of  the  proteose  products  in  the  usual  manner.  The  deu- 
teromucoproteose  obtained  with  KUhne's  method  yielded  abundant 
reducing  substance  after  hydration,  not  before.'  Crystalline  osazone 
products  were  obtained  in  several  instances  when  the  products  re- 
duced Fehling's  solution.  These  crystals  resembled  those  of  glu- 
cosazone.  Dcuteromucoproteoses  B  and  C,  obtained  with  Pick's 
method,  reduced  Fehling's  solution  after  their  decomposition  with 
acid.  The  reduction  was  especially  evident  after  removal  of  the 
proteid  products  from  the  reducing  material,  with  MOrner's  method 
of  separating  chondroitin  sulphuric  acid. 

At  present  we  are  unable  to  state  the  reasons  for  the  observed 
variability  in  reducing  powers  of  our  proteose  products  after  decom- 
position, but  different  conditions  of  digestion  will  doubtless  be 
found  to  have  an  important  bearing  in  this  connection. 

In  testing  for  loosely  united  sulphur,  it  was  found  that  the  primary 
mucoproteoses  and  deuteromucoproteose  B  gave  very  strong  reactions. 
Deuteromucoprotcose  C  did  not  give  the  reaction  at  all.  Product 
A  was  not  available.  Mucopeptones  A  and  B  also  failed  to  respond 
to  the  reaction  with  potassium  hydroxide  and  lead  acetate. 

The  above  reduction  results  suggested  that  the  various  mucopro- 
teoses in  some  cases  contained,  or  were  combined  with,  the  gluco- 
thionic  acid  radicle  separated  previously  from  the  insoluble  matter. 

In  one  experiment,  to  test  this  probability,  portions  of  primary 
mucoproteoses,  obtained  in  the  fifth  and  sixth  experiments,  were 
suspended  in  water,  and  the  mixture  treated  with  a  combination  of 
Morner's  and  Levene's  methods,  as  indicated  on  page  344.  The  final 
product  possessed  all  of  the  glucothionic  acid  properties  of  the  sub- 
stance of  similar  nature  separated  from  the  insoluble  residue.  All 
of  the  product  was  used  for  qualitative  tests,  so  that  no  quantitative 
analyses  could  be  made  of  it. 

The  above  results  indicate  that  the  methods  now  in  general  use  to 
separate  the  proteoses  are  inadequate  for  the  removal  of  associated 
glucothionic  acid,  such  as  is  broken  from  mucoid  in  peptic  proteolysis, 

'  Witte's  peptone,  in  quantities  equal  to  those  of  the  muco-products  used  by  us 
is  these  tests,  and  under  similar  conditions,  gave  no  reduction  of  Fehling's  solution 
either  before  or  after  decomposition. 
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or  they  show  that  the  mucoproteoses  separated  by  the  usual  methods 
from  gastric  digestive  mixtures  are  substances  of  variable  character, 
and  that  these  variations  are  largely  dependent  upon  the  proportions 
of  glucothionic  acid  radicles  contained  in,  perhaps  permanently 
combined  with,  these  hydrolytic  products.  The  qualities  of  the 
mucopeptones  are  more  constant. 

These  deductions  are  tn  harmony  with  the  analytic  data  tabulated 
on  page  347. 

The  general  conclusions  on  page  346,  in  connection  with  the 
indigestible  matter,  apply  here  equally  well. 

Further  investigation  will  be  directed  to  a  more  deiailed  study 
of  the  zymolytic  products  of  glucoproteids  of  various  kinds  in  both 
gastric  and  pancreatic  fluids.  These  studies  will  be  extended  to 
such  products  as  ovomucoid,  salivary  mucin  and  amyloid. 

Summary  of  General  Conclusions. 

Connective  tissue  mucoids  are  digestible  in  pepsin-hydrochloric 
acid.  The  digestive  process  is  relatively  slow  and  gradual,  however, 
and  considerable  substance  remains  insoluble  even  under  the  most 
favorable  zymolytic  conditions.  In  all  of  our  experiments  the  residue 
amounted  to  at  least  10  per  cent  of  the  original  mucoid. 

The  soluble  products  are  albuminate,  primary  mucoproteoses 
(proto-,  heiero-,  dysproteoses),  secondary  mucoproteoses  (deutero- 
proteoses  A,  B,  and  C),  and  mucopeptoncs  (peptones  A,  and  B). 
The  general  properties  of  these  bodies  are  identical  with  those  of 
typical  peptic  products. 

The  indigestible  matter  appears  to  consist  mainly,  if  not  wholly, 
of  resistant  compounds  of  proteid  and  glucothionic  acid.  In  most 
cases  the  mucoproteoses  were  also  found  to  be  glucothionic  acid 
products  of  varying  composition.  It  is  possible,  however,  that  the 
customary  methods  used  in  the  isolation  of  the  proteoses  are  inade- 
quate for  separating  any  associated  glucothionic  acid. 

A  glucothionic  acid  similar  to  chondroitin  sulphuric  acid  was 
separated  from  both  the  indigestible  matter  and  the  proteoses.  The 
peptones  did  not  contain  the  glucothionic  acid  radicle.  At  least  25 
per  cent  of  the  indigestible  matter  consisted  of  combined  glucothionic 
acid. 

Connective  tissue  mucoids  are  readily  digested  by  trypsin  in 
atlcaline  solution.  Tryptophan,  leucin,  and  tyrosin  are  produced  from 
them  in  abundance. 
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ON  THE   RELATION  OF  AUTOLYSIS  TO   PROTEID 
METABOLISM. 

By   H.  GIDEON   WELLS. 

[Frtim  lAe  DtfiarlmtHt  ef  Pathi^egy,  Iht  Unhtriily  of  Chicago^ 

THROUGH  the  work  of  Salkowski,  Jacoby,  and  others,  we  have 
recently  become  acquainted  with  the  occurrence  within  the  ceils 
of  the  animal  body  of  ferments  that  are  capable  of  digesting  these 
cells  under  certain  conditions.  Furthermore,  it  has  been  shown  that 
these  autolytic  ferments  can  be  found  not  only  in  all  the  cells  of  the 
animal  body,  but  also  in  yeasts,  bacteria,  and  other  vegetable  cells  of 
various  sorts,  whence  it  seems  that  autolysis  is  a  property  common  to 
all  cell  forms.  As  this  autolysis  is  a  form  of  proteolysis,  and  is  a 
constant  property  of  all  cells,  it  is  not  going  far  to  assume  that  the 
autolytic  ferments  are  important  factors  in  the  proteid  metabolism  of 
the  cells,  if  not  the  chief  factors.  This  idea  also  fits  in  very  nicely 
with  the  development  of  ideas  concerning  the  reversible  action  of 
enzymes,  permitting  the  conception  that  the  autolytic  enzymes  act  to 
maintain  a  nitrogenous  equilibrium  within  the  cells,  building  up  and 
breaking  down  proteids  as  circumstances  require.  The  study  of  auto- 
lytic processes  is  too  new,  however,  to  have  permitted  the  complete 
establishment  of  a  relationship,  much  less  an  identity,  between  the 
autolytic  ferments  of  the  cetts  and  the  cell  elements  controlling  nor- 
mal proteid  metabolism.  A  possible  means  of  establishing  this  rela- 
tionship was  suggested  by  recent  developments  concerning  the 
interaction  of  bodies  that  is  sometimes  required  to  produce  an  active 
ferment,  Enterokinase,  producing  an  active  enzyme  by  its  action 
upon  trypsinogen,  as  shown  by  Pavloff,  must  be  considered  the  start- 
ing point  of  these  latter  researches,  although  there  were  examples 
known  before  this  time.  The  similarity  of  this  sort  of  interaction 
with  that  observed  in  the  immune  sera  made  Pavloff's  observation 
particularly  timely  and  striking,  and  Delezenne  has  shown  that  there 
is  actually  a  close  resemblance  between  the  formation  of  trypsin  and 
the  formation  of  hccmolytic  substances  in  immune  sera.  Cohnheim's 
3S' 
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work  with  the  glycolytic  ferments,  showing  that  it  may  be  necessary 
for  an  internal  secretion  of  the  pancreas  to  combine  with  an  otherwise 
inactive  constituent  of  the  muscle  to  produce  an  active  glycolytic  fer- 
ment, indicates  the  possibility  of  interaction  occurring  through  the 
medium  of  the  blood-stream.  It  seemed  desirable,  therefore,  to  apply 
these  ideas  to  proteid  metabolism,  and  to  see  if  substances  known  to 
modify  proteid  metabolism  have  an  effect  upon  cell-autolysis. 

As  a  favorable  object,  the  thyroid  was  selected.  It  is  well  known 
that  the  thyroid  has  a  marked  effect  upon  nitrogenous  metabolism. 
When  the  gland  is  removed,  or  is  so  diseased  that  its  functional 
activity  is  decreased,  the  amount  of  nitrogen  eliminated  is  much 
reduced,  and  the  evidences  of  cell-activity  are  correspondingly  de- 
creased. Conversely,  administration  of  thyroid  glands  or  active  pre- 
parations from  them,  causes  an  increase  in  elimination  of  nitrogen.  An 
example  of  an  opposite  effect  is  afforded  by  the  kidney.  Removal  of 
one  kidney  seems  to  lead  to  an  increased  activity  of  nitrogenous 
metabolism,  so  that  the  remaining  kidney  may  eliminate  more  nitro- 
gen than  did  the  two  originally.  A  natural  inference  in  these  two 
instances  is  that  the  thyroid  produces  a  substance  that  in  some  way 
stimulates  proteid  metabolism,  while  the  kidney  produces  something 
with  an  inhibitory  effect. 

An  attempt  was  made  to  see  if  these  effects  could  be  attributed  to 
an  action  of  some  constituent  of  the  thyroid  and  kidney  upon  the 
autolytic  ferments  of  the  body.  Three  series  of  experiments  were 
performed  as  follows :  Dog  livers  were  ground  to  a  paste,  and  fifty 
grams  of  the  material  used  for  each  experiment.  In  most  instances 
the  dogs  were  killed  by  bleeding.  Extracts  were  made  of  thyroid, 
kidney,  spleen,  and  liver,  by  grinding  these  organs  in  a  similar  man- 
ner, mixing  the  mass  with  ^  salt  solution,  and  straining  through  a 
fine  sieve.  In  each  experiment  the  ground  liver  was  placed  in  a 
250  c.c.  Erienmeyer  flask,  and  100  c.c.  of  either  water  or  ^  salt  solu- 
tion added.  To  this  was  added  a  quantity  of  the  extract  of  the  other 
organs,  in  quantity  representing  five  grams  of  the  original  tissue. 
Ten  c.c.  of  pure  toluol  was  added  to  prevent  decomposition^  the  flasks 
tightly  stoppered,  and  placed  in  the  incubator  at  37°,  for  from  one  to 
three  weeks,  being  agitated  daily.  When  the  experiment  was  to  be 
closed,  the  flasks  were  provided  with  cotton  stoppers,  and  placed  in 
a  steam  sterilizer  at  100^  for  one  hour,  to  check  autolysis  in  all  flasks 
at  the  same  time.  Each  series  of  experiments  consisted  of  the  fol- 
lowing, either  tn  duplicate  or  in  triplicate:   i.  liver  with  thyroid  ex- 
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tract;  2.  liver  with  kidney  extract ;  3.  liver  with  spleen  extract ;  4. 
liver  with  liver  extract  (as  'a  control  to  the  first  three) ;  5.  liver 
alone,  boiled  before  being  placed  in  the  incubator  (to  indicate  the 
amount  of  autolysis  in  the  other  flasks).  A  few  additional  experi- 
ments were  made,  using  thyroiodin  and  boiled  thyroid  extract,  and 
the  amount  of  autolysis  in  the  extracts  alone  was  also  determined. 

The  amount  of  autolysis  was  ascertained  by  determining  the 
amount  of  nitrogen  present  at  the  end  of  the  experiment:  (l)  in  a 
form  coagulable  by  heat;  (2)  the  amount  present  in  a  noncoagulable 
form,  but  precipitable  by  xinc  sulphate  in  acid  solution,  and  (3)  the 
amount  of  nitrogen  not  thrown  down  in  either  of  these  ways.  The 
analyses  were  made  as  follows:  Each  ftask  was  placed  in  boiling 
water  after  its  contents  had  been  acidified  slightly  with  acetic  acid, 
and  kept  there  thirty  minutes.  The  coagulable  substances  were  then 
collected  on  a  folded  filter,  and  washed  with  500  c.c.  of  boiling  water, 
slightly  acidified  with  acetic  acid.  The  residues  were  dried  com- 
pletely, removed  from  the  filters,  weighed,  and  two  quantities  between 
one  and  two  grams  each  taken  for  analysis  by  the  Kjeldahl-Gunning 
method.  From  these  results  was  calculated  the  amount  of  "  coagu- 
lable nitrogen."  The  filtrate  was  reduced  to  100  cc.  on  the  water 
bath,  saturated  with  zinc  sulphate,  and  sulphuric  acid  added  in 
quantity  to  make  the  solution  0,5  per  cent.  The  precipitate  was  col- 
lected on  as  small  a  filter  paper  as  possible,  and  washed  with  zoo  c.c. 
of  saturated  zinc  sulphate  solution  with  0.5  per  cent  sulphuric  acid. 
This  precipitate,  termed  "  precipitable  nitrogen,"  was  analyzed,  to- 
gether with  the  filter  paper. 

The  filtrate,  containing  "  soluble  nitrogen,"  was  made  up  to  250  c.c, 
with  distilled  water,  and  the  nitrogen  determined  in  each  of  two  por- 
tions of  25  c.c. 

Because  of  accidents  in  the  way  of  breaking  of  distilling  flasks,  etc., 
only  one  of  the  three  series  was  determined  completely,  but  the  re- 
sults in  all  three,  except  for  the  gaps,  were  practically  identical,  so  that 
the  figures  will  he  given  only  for  the  completed  series,  in  which  the 
duration  of  autolysis  was  twenty-two  days. 

It  is  evident  from  these  figures  that  there  is  no  decided  difference 
in  the  results  obtained  in  the  different  experiments.  The  variations 
in  the  figures  are  not  more  than  are  to  be  expected  in  such  experi- 
ments, and  are  not  constantly  in  favor  of  any  one  of  the  sets  of 
materials.  If  there  were  any  real  interaction  among  the  organs 
demonstrable  in  this  way,  the  diRercnces  in  tht  results  would  prob- 
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Material. 

•Coagu- 
lable  N. 

Precipi- 

BoJnble  N. 

Thyroid 

xt.  +  liver     .... 

Flask  1 

4Z.3 

2.9 

14  S 

Fla.k2 

41-2 

3.1 

S.S.7 

Flask  3 

39.4 

Z.8 

57.8 

Kidney  e 

«.  + liver       .... 

Flask  1 

4Z.0 

3.9 

54.1 

Flask  2 

43.2 

32 

54.6 

Spleen  e 

t.  + liver 

Flask  1 

4a8 

4.1 

55.1 

Flask  2 

46.6 

3.5 

49.9 

Liver  ext 

+  liver  (conlrol)    .     . 

Flask  1 

43.8 

3.8 

52.4 

Flask  2 

42.1 

3.1 

- 

Boiled  li 

er  (no  autolysis)     .    . 

Flask  1 

90.4 

4.2 

5.4 

Flask  2 

87.1 

4.9 

8.0 

ably  be  very  considerable.  The  results  in  all  three  of  the  scries, 
which  used  materials  obtained  from  different  lots  of  dogs,  agree  so 
well  with  each  other,  as  far  as  results  could  be  obtained,  that  the  con- 
clusion seems  warranted  that  in  the  manner  in  which  this  particular 
series  of  experiments  was  conducted,  it  cannot  be  shown  that  extracts 
of  thyroid,  kidney,  and  spleen  have  any  decided  effect  upon  the  au- 
tolysis of  the  liver  of  the  dog.  Certainly  there  is  no  such  marked 
effect  as  Cohnheim '  found  in  the  case  of  glycolysis  by  extracts  of 
pancreas  and  muscle.  However,  it  is  possible  that  other  experiments 
performed  with  other  materials  or  in  a  different  manner,  might  give 
different  results. 

In  conclusion  I  desire  to  express  my  indebtedness  to  the  Depart- 
ment of  Chemistry  of  the  University  of  Chicago  for  the  facilities  of  its 
laboratories  in  performing  the  chemical  portion  of  this  research;  and 
to  Professor  Julius  Stieglttz  for  much  kind  assistance. 

'  CoHNHBiu:  Zeitschrift  fiir  jihysiologische  Chentie,  1903,  utxix,  p.  336. 


byGoogle 


THE  UTILIZATION  OF   VEGETABLE  PROTEIDS  BY  THE 
ANIMAL  ORGANISM. 

By   ELBERT  W.    ROCKWOOD. 

[From  the  Shtffirid  Laboratory  of  Pkytielogitai  Chtmittry,  Yali  Univtrnty.] 

THE  experimental  work  on  the  digestibility  of  vegetable  proteids 
has  been  carried  out  largely  with  mixed  foods,  or  without 
attempting  to  purify  the  proteid,  or  to  free  it  from  the  cellulose  of  the 
cell-watls.  Thus  Woroschilotf^  compared  the  food  values  of  meat  and 
peas,  making  two  series  of  trials  on  man  with  each.  His  conclusions, 
based  upon  the  changes  occurring  in  strength,  as  well  as  in  the  size  and 
weight  of  the  parts  of  the  body,  led  him  to  believe  that  more  energy 
was  derived  from  the  meat.  Rutgers  ^  gives  the  results  of  a  ten- 
weeks  experiment  on  himself  and  his  wife  for  the  purpose  of  com- 
paring the  value  of  animal  and  vegetable  proteids.  First,  nitrogen 
equilibrium  was  attained  on  a  mixed  diet  of  meat,  rice,  milk,  wheat- 
bread,  and  vegetables;  then  the  meat,  milk,  and  rice  were  replaced 
by  a  vegetable  mixture  containing  equivalent  amounts  of  proteids,  fats, 
and  carbohydrates.  These  were  not  analyzed;  but  their  composition 
was  calculated  from  published  analyses,  corrections  being  made  for 
indigestible  residues  according  to  the  data  of  Stiitzer  and  Rubner. 
With  the  mixed  diet,  8.1  per  cent  of  the  total  nitrogen  ingested  waa 
excreted  in  the  fxces;  with  the  vegetable  diet,  16  per  cent  to  23 
per  cent  was  so  excreted,  nitrogen  equilibrium  being  again  attained 
with  no  loss  of  body-weight.  Rutgers  concludes  that  the  vegetable 
proteid  has  the  same  food  value  as  that  of  animal  origin.  Avsitidiski" 
gives  the  result  of  a  test  conducted  on  inmates  of  acivil  prison  in  five 
series  of  ten  days  each.  A  comparison  was  made  between  a  v^etable 
and  a  mixed  diet.  The  former  consisted  of  bread,  peas,  buckwheat, 
macaroni,  potatoes,  rice,  cabbage,  butter,  and  sugar;   the  latter  of 

■  WoROSCHiLOFP :  Berliner  kliniache  Wochenschrift,  1873,  x,  p.  90. 
'  Rutgers:  Zeitschrift  fiir  Biologie,  1888,  xxiv,  p.  351. 

•  AvsiTiDiSKi :  Inaugural   Dissertation,   St,  Petersburg,    1889.      Atislract  in 
Atwater  and  Langworthy's  Digest  of  Meiatx)lism  Experiments,  p.  25. 
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meat,  bouillon,  bread,  butter,  and  sugar.  In  the  former  15  per  cent  to 
16  per  cent  of  the  nitrogen  ingested  was  recovered  in  the  faeces;  in 
the  latter,  7  per  cent  to  10  per  cent. 

Cramer  *  investigated  the  food  of  a  vegetarian,  finding  that  21  per 
cent  of  the  nitrogen  of  the  peas,  potatoes,  coarse  breads,  fruits,  milk, 
and  eggs,  of  which  the  diet  consisted,  left  the  body  in  the  faeces.  In 
the  case  of  another  vegetarian  whose  food  contained,  besides  fruits 
and  oils,  "Pumpernickel  "  and  graham  bread,  Voit'  ascertained  that 
41  per  cent  of  the  nitrogen  was  contained  in  the  faeces.  When  ex- 
actly the  same  food,  in  kind  and  amount,  was  given  to  the  laboratory 
servant,  who  was  not  a  vegetarian,  42  per  cent  was  thus  excreted; 
the  last  subject  was  not  able  to  maintain  his  weight  upon  this  diet. 

Ruhner'  made  trials  of  the  digestibility  of  a  number  of  vegetable 
foods  in  man.  They  included  maize,  rice,  potatoes,  wheat  and  rye 
bread,  peas,  macaroni,  cabbage,  and  carrots.  The  duration  of  each 
experiment  was  two  or  three  days,  and  the  substance  under  investiga- 
tion formed  the  chief  part  of  the  food.  In  all  cases,  where  the  result 
is  stated,  there  was  a  loss  of  body  proteid.  Of  the  nitrogen  taken  in 
with  macaroni  mixed  with  gluten,  1 1.2  per  cent  was  found  in  the  faeces ; 
with  the  remaining  foods  the  nitrogen  thus  eliminated  amounted  to 
from  [7  to  39  per  cent.  In  an  additional  series  Rubner  *  states  that 
from  20  to  30  per  cent  of  the  nitrogen  of  wheat  flour  appeared  in  the 
fxces,  the  utilization  varying  with  the  fineness  of  the  flour,  and  being 
best  with  the  very  fine.  Mori '  quotes  Osawa,^  who  made  experi- 
ments on  men.  He  found  59.3  per  cent  of  the  undigested  proteid  of 
boiled  barley  in  the  fasces;  of  boiled  rice,  20.7  per  cent;  of  Soja 
beans,  24.7  per  cent;  and  of  "Tofu,"  3.9  per  cent.  This  was  com- 
pared with  raw  fish,  which  yielded  from  2.0  to  2.3  per  cent,  and 
dried  fish  (cod  and  herring),  from  4.7  to  7.1  per  cent.  According 
to  Mori  ^  the  tofu  is  prepared  by  rubbing  fresh  Soja  beans  to  a 
paste,  bringing  to  a  boil,  and  filtering  when  cold ;  from  the  filtrate 
the  proteids  are  precipitated  by  the  mother-liquor  from  the  manu- 
facture of  salt,  —  a  fluid  containing  much  magnesium  chloride.     This 

•  Cramek  :  Zeitschrift  fiir  physiologische  Chemie,  1882,  vi,  p.  346. 
»  Voit:  Zeilschrifi  fur  Biologie,  1889,  xxv,  p.  232. 

»  Rubner:  Zeitschrift  (iir  Biologie,  1879,  xv,  p.  115. 

*  Rubner:  Ibid.,  1883,  xix,  p.  45. 

*  .\IORi :  Jahresberielit  iiber  die  Fortschritte  der  Thierchemie,  1892,  p.  468. 

•  Osawa:  Eiseikwai,  Zasshi,  1887,  No.  48. 

'  Mori:  Zeitschrift  fiir  Biologic,  1889,  xxv,  p.  loi. 
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precipitate  is  filtered  out,  pressed,  and  eaten  before  fermentation  has 
commenced.  Mr.  Mayesawa,  a  student  at  Yale  University,  states 
that  in  some  parts  of  Japan  the  tofu  is  made  by  simply  macerating  the 
beans  and  pressing  into  a  cake.  Prausnitz'  determined  the  faecal 
nitrogen  from  beans,  boiled  until  soft,  then  cooked  with  butter  and 
flour,  as  30.3  per  cent  of  the  total  content  in  the  food. 

Many  investigators  have  studied  the  digestibility  of  the  proteids  of 
bread.  Menicanti  and  Prausnitz^  in  eleven  experiments  with  rye 
and  wheat  bread,  using  both  that  with  and  without  the  outer  coatings 
of  the  grain,  found  that  the  faecal  nitrogen  was  from  13.3  to  30.3 
per  cent  of  the  nitrogen  intake.  Among  the  other  studies  arc  those 
of  Jacoangeli  and  Bonani^  who  found  that  with  the  best  grades  of 
Italian  breads  from  4.9  to  17.8  per  cent,  and  with  the  whole  wheat 
breads,  from  1S.5  to  35.4  per  cent  of  the  ingested  nitrogen  was  ex- 
creted in  the  faeces.  Woods  and  Merrill  *  give  as  the  percentages  of 
faecal  nitrogen  for  fine  wheat  bread,  from  10.6  to  13.6  per  cent;  for 
whole  wheat  bread,  from  13.2  to  13.3  per  cent,  and  for  graham  bread, 
from  23  to  24.5  per  cent  of  the  food  nitrogen. 

Constaninidi'  tried  the  utilization  of  the  wheat  gluten  which  is 
left  as  a  by-product  in  the  manufacture  of  starch,  using  dogs  and 
men  as  subjects.  To  the  former  it  was  fed  with  lard,  from  2.6  to 
3,3  per  cent  of  the  nitrogen  passing  off  in  the  faeces;  for  the  men, 
the  diet  contained  gluten,  potatoes,  and  butter,  6.4  per  cent  of 
the  nitrogen  appearing  in  the  faeces ;  whereas  with  the  same  diet, 
without  the  gluten,  they  contained  25  per  cent.  Leipziger,'  in  metab- 
olism experiments  on  dogs  with  a  diet  composed  of  edestin  (crystal- 
lized hemp-seed  proteid),  starch,  and  lard,  and  in  addition,  salts, 
meat  extract,  and  water,  found  in  two  cases  3.9  per  cent  and  1.9  per 
cent  of  the  ingested  nitrogen  in  the  faeces.  Zadik,'  with  a  similar 
diet,  recovered  3.9  per  cent  and  3.4  per  cent ;  and  Ehrlich  ^  obtained 
3.6  per  cent  and  8.3  per  cent  of  the  ingested  nitrogen  in  the  faeces. 


*  Prausnitz:  Zeitschrift  fiirBiologie,  1890,  xxvi,  p.  227. 
'  Menicanti aod  Prausnitz:  Ibid.,  189s,  xxi, p.  328. 

*  Jacoangeli  and  Bonank  Jahresbericht  iiber  die  Fortschritte  der  Thier- 
chemie,  1898,  p.  628. 

*  Woods  and  Merrill:  Bulletin  85,  Office  of  Experinient  Stations,  1900. 

*  Const ANiNiDi :  Zeitschrift  fiir  Biologic,  1S87,  xxiii,  p.  438. 

*  Leipziger:  Archiv  fiir  die  gesammte  Physiologie,  1899,  Ixiviii,  p.  402. 
^  Zadir:  Ibid.,  1899,  Ixxvii,  p.  r. 

■  Ehrlich:  Inaugural  Dissertation,  Breslau,  1900. 
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Szumowski'  tested  the  digestibility  of  zein  (com  prateid)  in  vitro, 
and  found  that  the  crude  substance  was  not  much  attacked  by  either 
pepsin  or  trypsin,  but  that  99  per  cent  of  the  purified  zein  was  soluble 
in  pepsin-hydrochloric  acid  and  95  per  cent  in  trypsin  solution. 

Hammarsten  ^  expresses  the  opinion  that  the  vegetable  proteids 
are  in  part  indigestible;  Moore'  likewise  says  that  they  are  less 
readily  digestible  than  the  animal  proteids. 

The  results  obtained  hy  some  of  the  above  methods  cannot  be  said 
to  represent  the  real  digestibility  of  the  proteids,  since  this  may  be 
greatly  modified  by  the  other  materials  present,  particularly  by  the 
cellulose.  A  few  series  of  experiments  were  therefore  carried  out 
with  the  purified  vegetable  proteids,  as  well  as  some  less  pure  prep- 
arations, to  obtain  further  information  regarding  the  utilization  of  the 
protetd  and  the  conditions  which  affect  it.  The  degree  of  utilization 
is  assumed  to  be  indicated  by  the  difference  between  the  nitrogen  of 
the  food  and  that  excreted  in  the  faeces.  The  fact  is  recognized  that 
the  latter,  according  to  the  investigations  of  Prausnitz,*  contain  much 
nitrogen  from  the  epithelium  of  the  alimentary  tract  and  its  secretions, 
as  well  as  from  the  undigested  food ;  yet  it  is  believed  that,  keeping 
the  other  conditions  as  nearly  constant  as  possible,  this  method  of 
calculation  at  present  furnishes  the  most  satisfactory  way  for  express- 
ing the  comparative  digestibility  (or  availability)  of  the  proteid  food. 

The  Effect  of  Cooking  on  the  Digestibility  of 
Oat  Proteid. 
Bxperlmenta  wltli  dogs.  —  Paton  *  noted  that  dogs  failed  to  absorb 
from  14  to  55  per  cent  of  the  proteids  of  "  oatmeal  porridge."  The 
latter  was  prepared  by  heating  the  oatmeal  with  two  to  three  and 
one-half  times  its  weight  of  milk,  the  duration  of  heating  not  iKing 
staled.  The  amount  of  unabsorbed  nitrogen  was  determined  by 
subtracting  that  of  the  urine  from  the  total  quantity  in  the  food,  no 
evidence  being  given  that  the  animals  were  in  nitrogen  equilibrium. 
It  seemed  desirable  to  repeat  this  work  in  order  to  learn  whether  the 
small  utilization  could  be  explained  on  the  ground  of  insufficient 
cooking  of  the  oatmeal. 

'  SzUMOWSKi:  Zeitschrifcfiirphysiologische  Chemie,  1902,  xxxvi,  p.  19S. 
'  Hammarsten:  Lehrbuch  der  physiologischen  Chemie,  1899,  p.  313. 

•  Moore:  Schaefer's  Text-book  of  Physiology  :  i.  p.  441. 

*  PRAUSNITZ  :  Zeitschrift  fiir  Biologic,  1897.  xxxv,  p.  335. 
'  pATOKi  Journal  of  physiology,  1902,  xxviii,  p.  119. 
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Two  series  of  experiments  were  carried  out  with  dogs.  In  the 
first  the  coarse  oatmeal  was  added  to  three  times  its  weight  of  boil- 
ing milk,  and  the  heating  continued  as  long  as  the  mixture  could  be 
conveniently  stirred  without  burning,  —  about  seven  to  eight  minutes. 
By  this  process  the  grains  of  the  oatmeal  were,  in  large  part,  not  dis- 
integrated, and  appeared  again  in  the  fxces.  In  the  second  series 
the  same  weight  of  oatmeal  was  ground  as  finely  as  possible  with  a 
cofTee^rinder,  steamed  with  three  times  its  weight  of  water  from  four 
to  six  hours,  mixed  with  the  required  quantity  of  milk,  and  evaporated 
until  it  became  dry  enough  to  be  swallowed  easily  by  the  dog.  The 
day's  ration  was  given  in  the  morning  after  catheterizing,  washing 
out  the  bladder  with  sterile  water,  and  weighing  the  animal.  In  no 
case  was  there  any  indication  of  fermentation  in  the  bladder,  the 
urine  being  constantly  acid.  Urine  and  washings  were  united,  and 
the  nitrogen  determined  by  Kjeldahl's  method  in  duplicate.  The 
faeces  were  marked  .off  by  lampblack  or  fine  sand,  and  dried  on  a 
water-bath  after  the  addition  of  alcohol  to  produce  a  friable  consis- 
tency and  to  aid  in  the  evaporation  of  the  water.  A  few  drops  of 
sulphuric  acid  were  used  to  prevent  the  escape  of  ammonia,  and, 
after  mixing  the  air-dry  fasces  for  the  whole  period,  the  nitrogen  was 
determined  in  the  same  manner  as  in  the  urine.  Mixed  samples  of 
each  day's  milk  were  preserved  by  formaldehyde,  and  the  amount  of 
nitrogen  estimated  at  the  end  of  the  period.  The  food  was  readily 
eaten ;  the  fasces  were  watery  and  appeared  to  contain  much 
undigested  material. 

Experiment  A.  —  A  fox  terrier  bitch  whose  urine  contained  no  albumin  or 
proteose  was  used.  The  experiment  extended  over  three  dietary  periods 
of  six  days  each.  The  first  was  one  with  slightly  cooked  oatmeal ;  the 
second,  one  with  well  cooked  oatmeal ;  and  the  third,  with  animal-proteid 
food.  The  fuel  value  of  the  food  in  the  first  two  periods,  as  calculated 
from  the  usual  composition,'  was  468  calories ;  in  the  last  period,  it  was 
515  calories.  The  meat  was  chopped  and  preserved  frozen,  according  to 
the  method  of  Gies.'  It  contained  3.87  per  cent  of  nitrogen.  The. 
dog's  weight  was  4.6  kilos  throughout    The  diet  contained : 

In  the  oatmeal  periodi.  In  the  meat  period. 

Milk Z2S  c*.  Milk 225  c.c. 

Oatmeal 75  gm.  Lean  meat 100  gm. 

Lard       25    " 

'  ATwATERand  Bryant:  Chemical  Composition  of  American  Food  Materials, 
1899.  '  Gies  :  This  journal,  1901,  v,  p.  235. 
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SUMMARY   OF   OUTPUT   AND   INTAKE. 


Nitrogen  Output  is  the  Urine. 

Day. 

33 

oatmeal. 

Well 
cooked 

oatmeal. 

Meat 

diet. 

Average  daily  output  of  N  in  the  urine 

2Jt 

274 

Z.6I 
Z.61 

3.04 
2*4 
Z.77 
2.76 

3.00 

4M 
4.44 
4i8 
4.47 
471 
4.63 

2.63 

2.84 

4.48 

Average  daily  weight  of  air-dry  fasces 
Average  daily  output  of  N  in  faces    .     . 
Average  daily  inwke  of  N  in  food  .     .    - 

16.20 
0613 
3.11 

12.45 
0-498 
3.14 

3.82 
0.258 
5.11 

Relation  of  fical  N  to  food  N   .     .    .     . 

IB.75 

15.8% 

Sl^ 

In  a  food  like  Ihat  of  the  first  two  periods,  where  the  only  varying  factor 
is  the  mode  of  preparation,  we  may  get  the  value  of  the  latter  by  assuming 
that  the  utihzaiion  of  the  milk  would  be  the  same  in  both  periods,  and 
that  the  difference  in  the  amount  of  nitrogen  in  the  fasces  is  due  solely  to 
the  difference  in  the  digestibility  of  the  oat  proteid.  This  difference,  or 
"  indigestible  increment,"  as  we  may  call  it,  can  be  obtained  by  subtract- 
ing the  daily  fcecal  nitrogen  of  one  period  from  that  of  the  other,  and  then 
finding  the  ratio  of  this  difference  to  the  daily  nitrogen  of  the  oatmeal. 
Thus,  in  Experiment  A,  we  have  for  the  daily  difference  in  fcecal  nitrogen 
0.613  —  0.498  =  0.115  gm.  The  nitrogen  per  day  in  the  oatmeal  was 
1.887  SI"'  The  ratio,  W\^  =  6,0  per  cent,  represents  the  indigestible 
increment,  or  variable  in  digestibility,  of  the  oat  proteid  due  to  the  differ- 
ence in  cooking. 

Experiment  B.  —  A  fox  terrier  bitch  was  fed,  as  in  Experiment  A,  with  oatmeal 
and  milk,  the  cooking  being  short  in  one  period  and  of  long  duration  in 
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the  other.  The  estimated  fuel  value  was  784  calories.  For  comparison 
the  experiment  was  concluded  with  a  diet  of  animal  food  of  an  estimated 
fuel  value  of  793  calories.  The  body-weight  gradually  increased  from  9.7 
to  10.1  kilos  during  the  trial.    The  food  was : 


In  ibe  oalmeal  periods. 

Oatmeal 125  gm. 

Milk       375  cc. 


In  the  meat  period. 

Lean  meal      200  gm. 

Lard       30    " 

Milk       375  cc. 


SUMMARY   OF  OUTPUT   AND   INTAKE. 


Nitrogen  Output  in  the  Umine., 

Da,. 

oatmeal. 

Wen 
cooked 

Meat 

diet. 

1 
2 
3 
4 
5 
6 

3.10 
3.06 
2.80 
3.09 
2.96 
2.70 

T35 
2J3 
3.02 
2.60 
308 
2.79 

T16 
6,02 
673 

Average  dail;  output  o£  N  in  the  urine 

2.96 

2.69 

S.97 

Average  daily  weight  of  air-dry  (iccu 
Average  daily  output  of  N  in  fices    .    . 
Average  daily  intake  of  N  in  food.    .    . 

24.7 

0.911 
5.43 

166 
0794 
S.1S 

10.S 
0620 
9M 

Relation  of  fical  N  to  food  N    .    .    .     . 

H.4% 

144% 

6.6% 

The  results  obtained  agree  well  with  those  of  the  preceding  experiment. 
The  indigestible  increment,  or  variable  due  to  cooking,  was  here  3.8  per 
cent.  This  indicates  that  the  long  boiling  had  very  little  influence  on  the 
utilization  of  the  oatmeal.  The  analysis  of  the  urine  shows  that  this  dog, 
unlike  the  one  in  Experiment  A,  was  not  in  nitrogen  equilibrium,  but  was 
storing  a  large  proportion  of  the  food  nitrogen. 

Eixporim«nu  with  men.  —  To  learn  whether  Similar  results  would  be 
obtained  with  human  beings  whose  digestive  organs  are  perhaps  better 
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fitted  for  a  vegetarian  diet  than  are  those  of  dogs,  two  experiments 
were  tried  with  men,  one  living  on  a  vegetarian  diet,  the  other  eating 
meat  as  a  part  of  his  food.  The  kind  and  amount  of  the  food  was  the 
same  throughout  the  trial,  but  no  determination  of  the  total  food 
nitrogen  was  made. 

Experiment  C.  —  The  subject  weighed,  with  clotliing,  53.1  kilos  at  the  opening 
of  the  series,  and  his  weight  remained  constant.  The  daily  diet  was  com- 
posed of: 

OaimMl      7S  gm. 

"  Shrtdded  Whe»i "  Biscuit       30    " 

"Uiieeda"  Biscuit 180    " 

Sugar 100    '■ 

Milk 1350  C.C. 

It  had  an  estimated  fuel  value  of  1536  calories.  The  method  of  cook- 
ing the  oatmeal  was  the  same  as  In  the  experiments  with  dogs,  and  it  was 
eaten  with  the  sugar  and  part  of  the  milk  at  the  noon  meal.  The  first 
period  of  four  days  was  that  of  slight  cooking;  the  second,  of  three  days, 
that  with  well-cooked  oatmeal.    Three  days  intervened  between  them. 

UTILIZATION  OF  OATMEAL  N.  — SUMMARY. 

Slighily  conked      Well  cooked 
oil  meal.  oatmeal. 

Averige  daily  weight  of  air-dry  [sees    .    .    27-5  gra-  26  2  gm. 

Average  daily  weight  of  N  in  faces       .    .      1.239  "  1-133  " 

These  figures  show  that  the  food  was  utilized  better  in  the  second 
period  than  in  the  first,  but  the  indigestible  increment  does  not  differ 
materially  from  that  obtained  with  dogs.  It  is  5.8  per  cent,  the  weight  of 
the  ingested  oatmeal  nitrogen  tteing  1.93  gm.  per  day. 

Experiment  D.  —  The  body-weight  was  66  kilos,  with  clothing.  The  diet  con- 
sisted of: 

Oatmeal 100  gm. 

Wheat  bread 75    " 

Butter       ■40" 

Hamburg  steak 400    " 

Sweet  potatoes 300    " 

Milk 300C.C. 

Coffee  with  sagar       1  cup 

The  oatmeal  was  not  eaten  at  one  time,  but  was  divided  between  the 
three  meals.  There  were  two  periods  of  three  days  each,  during  the  first 
of  wliich  the  oatmeal  was  cooked  on  a  water-bath  with  400  c.c.  of  water 
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for  ten  hours ;  in  the  second,  it  was  heated  in  the  same  nay  for  fifteen 
to  twenty  minutes.     The  estimated  fuel  value  of  the  food  was  3400 


UTILIZATION  OF  OATMEAL  N.  — SUMMARY. 

Wtll  cooked         Slighlly  cooked 
oatmeal.  oatmeal. 

Average  daily  weight  of  air-dry  fiecea    .    .    16.4  gm.  £6.1  gm. 

Average  daily  weight  of  N  in  fzcM       .     .      LOS  "  I.7S  " 

As  the  nitrogen  of  the  oatmeal  amounted  to  a.555  gm.  daily,  the  indi- 
gestible increment  in  this  experiment  was  36.8  per  cent. 

Conclusions  as  to  the  Effect  of  the  Duration  of  Cooki.\g 

ON   THE   DiGESTIBtLITV   OF   OaTMEAL. 

All  of  the  experiments  show  that  the  utilization  of  the  proteid  is 
increased  by  long  cooking,  and  it  is  a  natural  supposition  that  this  is 
the  result  of  the  breaking  down  of  the  cell-walls,  and  the  easier  access 
of  the  digestive  enzymes  to  their  contents.  In  the  first  three  experi- 
ments, however,  the  increase  is  comparatively  slight,  even  after  grind- 
ing finely  and  long  cooking.  They  probably  give  a  more  accurate 
representation  than  does  the  last  one,  where  the  diet  was  so  complex. 
The  fact  that  the  last  subject  was  unaccustomed  to  living  upon  a 
fixed  diet,  and  found  it  monotonous,  may  have  contributed  to  the  poor 
utilization  in  the  last  part  of  the  series.  Neither  of  these  conditions 
was  true  of  the  preceding  subject.  In  Experiment  D,  the  great  in- 
crease in  the  faeces  also  indicates  that  the  utilization  during  the  last 
period  was  not  as  good  as  in  the  first.  The  air-dry  fxces  bad  been 
left  for  some  hours  exposed  to  the  atmosphere,  after  a  thorough  drying 
on  the  water-batb.  They  would  not  contain  exactly  the  same  per- 
centages of  moisture,  but  it  is  believed  that  the  difference  would  not  be 
considerable.  At  least  it  could  not  cause  such  marked  variations  in 
their  total  weights. 

The  wide  discrepancies  between  these  results  and  some  of  Paton's 
may  be  explained  on  the  theory  that  his  dogs  were  not  in  nitr<^en 
equilibrium.  Indeed  some  of  his  figures  point  in  this  direction.  He 
found  (Joe.  cit.  p.  119)  with  the  same  dog  in  three  different  series: 

Series.  Oatmeal.  Milk.         Unab»orbed  N. 
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The  unabsorbed  proteid  was  found  by  subtracting  the  urinary 
nitrogen  from  that  of  the  food.  It  seems  probable  that  with  an  in- 
crease of  the  food  beyond  the  actual  needs  of  the  body,  more  of  the 
nitrogen  was  stored,  although  it  was  reckoned  with  the  unabsorbed 
by  this  method  of  procedure.  In  the  above  experiments  there  was 
just  such  an  apparent  increase  in  the  unabsorbed  nitrogen  running 
parallel  to  the  increase  in  oatmeal.  If  the  results  in  Experiment  B, 
where  the  dog  was  not  in  nitrogen  equilibrium,  were  calculated  in 
this  way,  the  undigested  proteid  would  be  from  45  to  48  per  cent, 
which  is,  of  course,  incorrect. 


The  Comparative  DicESTiBiLrTv  of  Pboteids- 

Experiment  E.  —  The  same  bitch  was  used  as  in  Experiment  B.  The  experi- 
ment was  divided  into  tliree  periods  :  the  first,  of  three  days,  with  a  diet 
of  lean  meat,  lard,  and  cracker>dust ;  the  second,  of  four  days,  with  a 
diet  of  extritcted  proteid  and  milk  ;  the  third,  of  five  days,  with  a  diet  of 
"  Norka,"  or  malted  oats,  and  milk.  The  proteid  of  the  second  period 
was  extracted  from  rolled  oats  by  five  to  six  times  their  weight  of  0.2  per 
cent  potassium  hydrate  at  ordinary  temperatures.  Tlie  solution  was  filtered 
through  straining- cloth,  and  the  praieid  precipitated  by  neutralizing  with 
dilute  acetic  acid.  The  precipitate  was  allowed  to  stand  for  twenty-four 
hours  in  an  equal  volume  of  alcohol,  then  filtered  olT  and  dried  on  a  water- 
bath.  It  contained  much  starch,  the  nitrogen  content  being  only  3.84 
per  cent.  The  food  was  prepared  by  boiling  this  five  to  ten  minutes  with 
the  milk.  The  cereal  food  —  Norka  —  purports  to  be  a  "malted  oat  food." 
As  its  proteid  content  (N  X  6.25)  was  found  to  be  16.06  per  cent,  and  as 
it  contains  a  considerable  amount  of  a  reducing  sugar,  this  is  probably 
a  fair  representation  of  its  character.  It  was  fed  mixed  with  the  milk, 
without  heating,  and  was  eaten  greedily  by  the  dog.  The  urine  was 
collected  and  analyzed  as  before.  The  dog's  weight  was  constant  at 
10.7  kilos.     I'he  food  contained  : 

In  l]ie  Norka  period. 
Norka      ....    123  gra. 


In  the  meal  period. 

In  the  oat  proieid  period 

Leanme«    .    260  gm. 
Lard     .     .    .      50    " 

Cracker-dust       60    " 
Water       .     .    250  cc 

°*„',.'™f  i  .  iiig» 

Milk      ....    375  cc 
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NiTRuoBN  Output  in  the  Urinb. 

Day. 

Meat 

period. 

Oat 
proleid 
period. 

Norka 
period. 

1 
2 
3 

1 
5 

693 

3.73 

3.60 
3.44 

Ts4 
3.71 

3.75 
3.85 
3.74 

Avcragedaily  output  of  N  in  urine     .     . 

62S 

3.67 

3.7Z 

Average  daily  weight  of  air-dry  fxces 
Average  daily  output  of  N  in  (xces     .    . 
Average  daily  intake  of  N  in  food  .     .     , 

7.50 
0.4S6 
10.C2 

4.35 
a238 
5.44 

12.07 
0.433 
5.44 

Relation  of  faecal  N  to  food  N   .    .     .    . 

K.%% 

4.4% 

8.8% 

Experiment  J^.  —  The  animal  was  the  one  used  in  Experiment  A.  Her  weight 
varied  within  the  limits  of  3.67  and  3.88  kilos  during  this  trial.  The 
urine  and  faeces  were  collected  and  analyzed  as  before.  The  experiment 
was  divided  into  four  periods.  During  the  first  seven  days  the  animal  was 
fed  with  an  extracted  oat  proteid,  the  next  six  days  with  "  Quaker  Rolled 
Oats,"  the  next  four  with  a  meat  diet,  and  the  last  three  with  one  which 
contained  zein,  an  atcohol-soluble  corn  proteid. 

The  oat  proteid  of  the  first  period  was  extracted  as  in  the  last  experi- 
ment, but  this  time  the  starch  was  allowed  to  settle  out  of  the  liquid  as  far 
as  possible  before  titration,  the  supernatant  liquid  being  decanted  through 
the  filter.  By  this  means  a  dry  substance  containing  11. i8  per  cent  of 
nitrogen  was  obtained,  This  powder  was  ground  in  a  mortar,  after 
thoroughly  drying  on  the  water-bath.  It  was  boiled  with  starch  and  milk 
about  five  minutes,  until  it  became  too  thick  to  stir  without  burning.  The 
small  particles  of  the  dried  proteid  were  then  still  plainly  visible.  It  had 
a  calculated  fuel  value  of  475  calories.  In  the  second  period  the  fuel- 
value  was  kept  the  same,  the  rolled  oats  being  used  to  ascertain  whether 
the  change  of  form  afTecied  the  degree  of  utilization.  The  fuel  value  of 
the  third  period  was  calculated  as  700  calories.     The  zein  of  the  fourth 
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period  was  dissolved  by  alcohol  from  com  residues  from  which  the  starch 
had  been  largely  removed.  The  alcoholic  solution  was  precipitated  by 
dilution  with  water,  and  the  zein  thus  obtained  was  thoroughly  dried  at 
1 00°  after  washing  with  water.  It  was  very  hard  after  drying,  and  was 
ground  as  finely  as  possible  before  feeding.  It  contained  11.99  per  cent 
of  nitrogen,  showing  tliat  il  was  not  pure.  The  food  was  boiled  together 
until  it  thickened,  when  the  yellow  grains  of  zein  were  still  visible.  From 
the  faices,  the  zein  could  be  recovered  in  considerable  quantities  by  alcohol. 
The  food  containeii : 


In  the  oil  proteid  period. 

Oal  proteid 16.S  gm. 

Starch 60,0    " 

MUk 225.0  cc 

In  the  meal  period. 

L«an  meat 100  gra. 

Lird 2S    ■' 

SUrch 50    " 

Milk 225  cc. 


In  the  rolled  o 


.    .      74.9  gm. 
.     .     2ZS.0  cc 


SUMMARY   OF   OUTPUT  AND   IKTAKE. 


Nitrogen  Output  in  th 

Urinb. 

Day. 

Oat 

Rolled 

Meat 

Zein 
period. 

3.04 

2J9 

378 

^ 

2.13 

2-71 

3.82 

2.48 

21s 

2.61 

3.88 

i68 

2.58 

2.71 

4.10 

2.54 

2.87 

2.63 
269 

2.£8 

Average  daily  output  of  N  in  (he  urine 

2.55 

2AS 

3.90 

2.66 

Average  daily  weight  of  air-diy  fseces 

680 

10.80 

7.40 

14.80 

Average  daily  output  of  N  in  feces    . 

0.334 

0.433 

a344 

a714 

Average  daily  intake  of  N  b  food     . 

3.18 

3.18 

S30 

3.19 

Relation  of  fxcal  N  to  food  N  .     .     . 

W.B» 

18,S» 

e.BS 

«M% 
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Experiment  G.  ~~  The  same  dc^  was  used  as  in  Experiments  B  and  E.  Her 
weight  was  constant  at  9.3  kilos.  Most  of  the  nitrogen  was  given  in  the 
form  of  zein.  This  was  fed  in  the  moist  condition,  without  being  allowed 
to  dry  after  precipitation.  It  contained  1 1.5  per  cent  of  nitrogen.  Com- 
paratively large  lumps  of  the  undigested  zein  could  be  distinguished  in  the 
f%ces.    The  food  consisted  of: 

Zcin 90  gm. 

Crack«r.dust ISO    " 

Lard SO    ■' 

V/uer 22s  cc. 

SUMMARY   OF   OUTPUT   AND   INTAKE. 


Nitrogen  Output  in  the  Ukine. 

Day. 

Grams. 

2 
3 

3.1s 

4.50 
4.14 

Average  daily  output  of  N  in  the  urine 

3.93 

Average  daily  weight  of  air-dry  fxces   . 
Average  daily  output  of  N  in  fxcct  .    . 
Average  daily  inuke  of  N  in  food     .    . 

17.60 
1,16 
11.23 

Relalion  of  fKcal  N  to  food  N      .    .    . 

10.1% 

Conclusions  from  Digestion  Experiments. 

These  may  perhaps  be  more  evident  from  a  summary  of  the 
results.  The  table  on  the  following  page  gives  the  percentages  of 
the  daily  food  nitrogen  which  were  found  in  the  fxces. 

It  is  evident  that  without  their  removal  from  the  materials  associated 
with  them  the  vegetable  proteids  are  not  utilized  to  the  same  extent 
as  those  of  animal  origin.  The  degree  of  utilization  is  somewhat,  al- 
though only  slightly,  increased  by  long  cooking.  Rolling  out  into  thin 
flakes,  as  in  the  rolled  oats, also  appears  to  have  some  effect;  but  oats 
thus  treated  yield  nearly  as  much  faecal  nitrogen  as  the  others.    The 
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PERCENTAGES  OF  FOOD  NITROGEN  IN  THE  F^CES. 


Food. 

Experiment. 

Duration  of  cooking. 

Nit^ogen. 

Meat,  lard,  and  crackcr-duat     . 

A 

Uncooked 

S.I 

Meat,  lard,  and  cracker-dust    . 

B 

'■ 

6.6 

Meat,  lard,  and  crackcr-duat    . 

E 

4J 

Meat,  lard,  and  cracker-dii5t 

F 

6.5 

Norka  (malted  oats)  .... 

E 

8.S 

Coarse  oatmeal 

* 

5  to  8  minutes 

19.7 

Coarse  oatmeal 

B 

15.4 

Rolled  oats 

F 

•• 

13.8 

Oat  proteid 

E 

4.4 

Oat  proteid 

F 

■• 

10.5 

Zein 

F 

" 

22.4 

Zein 

G 

'■ 

lO-S 

Fine  oatmeal 

A 

4  to  6  hours 

IS.8 

Fine  oatmeal 

B 

" 

14.4 

technical  process  employed  in  the  preparation  of  the  "  malted  oats" 
seems  to  favor  utilization ;  and  this  may  be  explained  by  their  partial 
hydration  at  that  time.  In  E  the  extracted  vegetable  proteid  showed 
itself  to  be  capable  of  as  great  utilization  as  that  of  the  animal  pro- 
teids.  That  of  F  was  less  so.  M.  Voit,'  in  his  investigations  on 
the  various  forms  of  meat,  found  that  in  the  form  of  dried  powders 
they  apparently  suffer  a  considerable  loss  in  their  digestibility, 
which  may  be  sufficient  to  explain  the  poorer  utilization  in  F.  In  E, 
the  large  amount  of  starch  presumably  kept  the  proteid  particles 
from  drying  together  into  a  comparatively  impervious  mass.  There 
is,  consequently,  no  evidence  from  these  experiments  to  indicate  that 
the  oat  proteid,  per  se,  is  less  readily  utilized  than  is  that  of  lean  meat. 
This  corresponds  with  the  experience  gained  from  feeding  the  vege- 
table proteid,  edestin,  already  referred  to. 

It  may  be  objected  that  the  presence  of  the  milk  in  the  dietary 
vitiates  the  conclusions  derived  from  these  trials.    In  all  the  expcri- 

'  M.  Voit:  Zeilschrift  fiir  Biologie,  1904,  xlv,  p.  79. 
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ments  with  dogs  (except  with  zein-feeding  in  G),  the  proportion  of 
milk  to  the  proteid  studied  was  constant,  and  of  the  latter  the  same 
amount  was  used  wherever  practicable.  Hence  it  is  believed  that  the 
figures  represent  fairly  the  comparative  degree  to  which  the  animals 
utilized  the  proteid.  The  greater  fjecal  nitrogen  from  zein  is  probably 
not  due  so  much  to  its  being  less  digestible,  as  to  the  insolubility  of 
the  substance  and  the  inability  of  the  digestive  enzymes  to  act  vigor- 
ously, except  upon  the  surface  of  the  impervious  masses.  When  the 
zein  was  thoroughly  dried,  its  utilization  was  still  further  lessened. 
There  is  no  reason  to  doubt  that  if  the  zein  could  be  freed  from  the 
materials  with  which  it  is  associated,  except  the  starch,  its  utilization 
would  be  increased.  The  facilitating  effect  of  the  presence  of  starch 
was  shown  with  the  oat  proteid  in  E.  The  achievement  of  means 
for  removing  the  substances  which  interfere  with  digestion  is  worthy 
of  study. 

My  thanks  are  due  to  Professor  Lafayette  B.  Mendel  for  advice  in 
the  prosecution  of  this  research. 
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THE  INHIBITORY  INFLUENCE  OF  POTASSIUM  CHLORIDE 
ON  THE  HEART,  AND  THE  EFFECT  OF  VARIA- 
TIONS   OF    TEMPERATURE    UPON    THIS 
INHIBITION    AND    UPON    VAGUS 
INHIBITION. 

Bv  E.    C.   MARTIN.  ' 
IFrvm  tte  nymltgitai  Laberatary  af  the  Jakiu  HefUm  Utaiieriity.\ 

Introduction. 

SINCE  the  time  of  Bernard  it  has  been  known  that  the  cold-blooded 
ventricle  is  prevented  from  beating  by  the  presence  of  potassium 
salts  in  the  solution  in  which  it  is  bathed.  Ringer '  noted  that  the  addi- 
tion of  a  small  amount  of  potassium  chloride  to  an  alkaline  sodium 
chloride  solution  in  which  a  heart  was  beating  well  had  the  effect  of 
arresting  the  ventricle.  Bottazzi  *  emphasized  the  inhibitory  nature 
of  this  potassium  action,  even  going  so  far  as  to  suggest  its  identity 
with  vagus  inhibition.  Greene'  considered  the  inhibitory  action  of 
potassium  to  be  due  to  the  tendency  of  this  substance  to  produce 
relaxation  of  the  heart-tissue.  Howell,*  while  not  going  so  far  as 
Bottazzi,  calls  attention  to  the  similarity  between  this  potassium  effect 
and  other  forms  of  inhibition.  He  also  corroborates  Greene's  state- 
ment that  potassium  may  exhibit  a  relaxing  effect,  although  he  is  in- 
clined to  assign  an  even  greater  tendency  in  this  direction  to  sodium. 
Stiles,*  in  a  recent  publication,  showed  that  potassium  in  doses  of  less 
than  0.15  per  cent  causes  a  condition  of  diminished  tone  in  strips  of 
gastric  tissue  from  the  frog,  although  in  greater  concentrations  it 
exhibits  the  reverse  action. 
Many  workers  have  studied  the  effect  of  variations  of  temperature 

>  Ringer  :  Journal  of  physiology,  1883,  iv,  p.  38. 

*  Bottazzi  :  Archives  de  physiologic,  1896,  p.  882. 

*  Greene;  This  journal,  189^,  ii,  p.  I2t. 

*  Howell  :  Ibid.,  1901,  vi,  p.  205. 

*  Stiles:  Ibid.,  1903,  viii,  p.  171. 
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upon  the  cold-blooded  heart,  with  the  uniform  result  that  up  to  a  cer- 
tain optimum,  increase  of  temperature  quickens  the  heart's  action, 
while  below  this  point  lowering  of  the  temperature  is  accompanied  by 
slowing  of  the  beat. 

This  study  was  undertaken  at  the  suggestion  and  under  the  guid- 
ance of  Dr.  Howell,  with  a  view  to  throwing  additional  light  on  the 
problem  of  potassium  inhibition,  especially  with  regard  to  the  sugges- 
tion of  Bottazzi  that  it  may  be  of  the  same  nature  as  vagus  inhibition. 

Method. 
The  isolated  terrapin  heart  was  used  in  the  experiments,  and  was 
prepared  so  that  the  entire  organ  could  be  irrigated  with  nutrient 
solutions.  The  inflow  cannula,  which  was  inserted  usually  into  the 
right  vena  cava,  had  a  bulb  blown  upon  it,  and  a  side  neck,  admitting 
the  stem  of  a  small  thermometer,  so  that  the  temperature  of  the  cir- 
culating liquid  could  be  read  at  the  moment  of  its  entrance  into  the 
heart.  An  arrangement  was  interposed  in  the  circuit  by  means  of 
which  the  temperature  of  the  circulating  medium  could  be  varied  at 
pleasure.  The  chlorides  of  sodium  and  potassium  used  in  making  up 
solutions  were  recrystallizcd  from  the  chemically  pure  salts.  As  the 
ordinary  fused  calcium  chloride  cannot  be  used  with  safety  in  such 
experiments,  and  the  unfused  salt  cannot  be  weighed  with  accuracy, 
an  approximate  solution  was  made,  and  the  percentage  of  calcium  then 
determined  by  analysis.  All  solutions  were  made  up  with  distilled 
water.  In  preparing  solutions  containing  various  percentages  of 
potassium  chloride,  care  was  always  taken  to  keep  the  solution  nearly 
isotonic  with  terrapin  serum  ;  therefore  as  the  proportion  of  potassium 
chloride  was  increased,  the  proportion  of  sodium  chloride  in  the  solu- 
tion was  correspondingly  diminished.  The  usual  concentration  of 
calcium  chloride  employed  in  making  up  Ringer's  solution  was  used 
in  every  case.  Since  in  these  experiments  the  amount  of  calcium 
chloride  employed  did  not  exceed  0.025  per  cent,  the  osmotic  pressure 
of  the  solution  was  not  sufficiently  affected  by  the  addition  of  the 
calcium  chloride  to  change  the  physiological  value  of  the  solution  so 
far  as  its  osmotic  relations  were  concerned. 

The  Potassium  Arrest. 

Although,  as  would  be  expected,  there  is  considerable  variation 

shown  by  different  hearts  in  their  reactions  toward  potassium  chloride, 

the  experiments  were  of  such  a  nature  that  certain  conclusions  can  be 
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drawn  with  regard  to  the  arrest  o£  the  heart  caused  by  this  reagent. 
If  we  begin  to  perfuse  a  beating  heart  with  Ringer's  solution  contain- 
ing 0.03  per  cent  potassium  chloride,  the  usual  proportion  employed 
in  this  laboratory,  and  Increase  the  concentration  of  this  salt  o.oi 
per  cent  at  a  time,  the  rate  of  beat  usually  diminishes  gradually,  and 
quite  regularly,  until  the  heart  comes  to  rest.     In  one  experiment  the 
point  of  stand-still  of  the  ventricle 
was  reached  with  a  concentration 
of  potassium  chloride  of  0.14  per 
cent.     In  another  experiment  of 
the  same  sort  the  ventricle  con- 
tinued active  until  the  proportion 
of  potassium  chloride  in  the  solu- 
tion was   increased  to  0.26  per 
cent.      Curves    illustrating    the 
effect  of  increasing  the  proportion 
of  potassium  chloride  in  the  solu- 
tion are  given  in  Figs,  i  and  2, 

If  instead  of  increasing  the 
percentage  of  potassium  chloride 
in  the  solution  gradually,  we  pass 
at  once  from  normal  Ringer's 
solution  to  one  containing  from 
0.10  to  0.12  per  cent  potassium 
chloride,  the  arrest  of  the  ven- 
tricle ensues  with  great  prompt- 
ness. The  average  time  required 
for  complete  stand-still  of  the 
ventricle  in  six  observations, 
made  on  three  different  hearts. 


FiGURI 


—  The  effect  of  increasit 
trations  of  polaasium  chloride  in  (he  ir- 
rigating solution  on  the  rate  of  heal. 
The  ordinates  represent  the  number  of 
contractions  in  the  minute.  ' 
bers  along  the  abscissa  line  represent  the  «ras  slightly  leSS  than  tWO  min- 
proportion  of  potassium  chloride  in  .he  ^^^^  ^^^^  ^^j,,  j^^^^j^^  ^j^^^^ 
irrigating    solution,   expressed    in    liun- 

dredths  of  1  per  cent.    Experiment  of    of  potassium  chloride  were  sud- 
December  12, 1902.  denly  applied  to  the  beating  ven- 

tricle, from  0.21  percent  upward, 
the  suddenness  of  the  stoppage  became  very  striking.  In  twenty- 
one  observations,  on  five  different  hearts,  the  average  time  that  elapsed 
between  the  application  of  the  solution  containing  the  large  dose 
of  potassium  chloride,  and  complete  stand-still  of  the  ventricle,  was 
one  quarter  of  a  minute,  and  in  no  one  of  these  cases  did  the  interval 
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between  the  introduction  of  the  inhibiting  solution  and  the  cessation 
of  activity  exceed  one-half  minute.  The  concentration  of  potassium 
chloride  used  in  these  experiments  varied  from  0.21  per  cent  to  i.o 
per  cent.  Of  thirty-eight  observations  on  the  arrest  produced  by 
potassium  chloride,  in  which  percentages  of  this  salt  of  0.21  and 
upward  were  used,  only  one  showed  a  period  of  as  much  as  three 
minutes  between  the  application  of  the  inhibiting  solution  and  com- 
plete arrest.  The  average  period  for  the  thirty-eight  observations 
was  eight-tenths  minute.  In  each  of  these  cases  the  heart  was  beat- 
ing vigorously  under  normal  Ringer's  solution  before  the  inhibiting 
solution  was  turned  on. 

The  rapidity  with  which  the  arrest  comes  on  is  no  greater  when 
the  inhibiting  solution  contains  very  high  concentrations  of  potas- 
sium, 0.5  per  cent  and  upward, 
than  under  potassium  doses  of 
from  0.25  per  cent  to  0.35  per 
cent.  It  would  seem  that  under 
these  smaller  proportions  of  potas- 
sium the  alteration  in  the  tissue 
which  produces  stand-still,  what- 
ever that  alteration  may  be,  takes 
place  as  rapidly  as  the  tissue  is 
able  to  react,  and  hence  a  greater 

proportion   of   potassium    in    the 

,      ,                       ,                 ,  Figure  2.  — The  effect  of  increaiing  con- 

solution  cannot  hasten  the  process.  „ntt.tions  o(  potassium  chloride  ir. 

The   potassium   arrest   can   be  ob-  ihe  iingating  solution  on   the  rate  of 

tained  with  a  considerably  smaller  t*"-     The  oidmates  .epresent  the 

proportion  of  potassium  salt  in  the  ""'"    '  *■  /^"""^"'"''^ '"  ■  <  ^'nu'e- 

>^      ^  '^  The'jiuniberg  along    the  abscissa  line 

solution    if   the   heart    is    changed  represent  the  proportion  of  potassium 

abruptly  from   a   solution  contain-  chloride  in  the  irrigating  solution,  ex- 

ing  a  small   amount  of  potassium  P'*"^*"  '"  hundredths  of  1  per  cent. 

"  ....  Eiperimert  of  October  16, 1902, 

to   one   containing   it   in    greater 

concentration,  than  if  the  change  be  made  gradually  by  increasing 
the  proportion  of  potassium  a  little  at  a  time.  In  the  former 
case  arrest  may  be  obtained  frequently  with  from  0.08  per  cent 
to  0.10  per  cent  potassium  chloride,  whereas  by  the  latter  method 
from  0.14  per  cent  to  o.i6-  per  cent  of  the  same  salt  will  be 
required  to  effect  this  result.  This  fact  agrees  with  a  statement 
made  by  Howell '  to  the  effect  that  heart  tissue  is  able,  to  a  certain 
'  Howell:  This  jourual,  1901,  vi,  p.  203. 
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extent,  to  accustom  itself  to  excessive  doses  of  potassium  salts,  if 
these  are  introduced  very  gradually. 

The  Condition  of  the  Heart  Tissue  during  Potassium 
Arrest. 
Ringer^  states  that  when  the  ventricle  is  inhibited  by  perfusion 
with  potassium  chloride  (the  strength  is  not  stated),  the  muscle  no 
longer  responds  to  strong  electric  shocks.  Bottazzi '  says  that  the 
irritability  of  the  heart  toward  electrical  stimuli  either  diminishes 
enormously  or  disappears  under  potassium  inhibition.  Bottazzi,  how- 
ever, used  a  solution  of  potassium  chloride,  isotonic  with  the  serum, 
for  producing  inhibition.  Howell*  refers  to  the  statements  of  these 
authors,  and  adds  the  suggestion  that  probably,  by  graduating  the 
dose  of  potassium  chloride,  a  concentration  would  be  found  below 
which  the  ventricle  can  respond  to  stimuli,  although  not  able  to  give 
spontaneous  contractions.  The  following  observations  were  made 
upon  this  point.  Mechanical  stimulation  was  used  throughout,  in- 
stead of  electrical.  It  is  not  improbable  that  electrical  stimulation 
would  have  given  somewhat  different  limits  of  irritability.  The  first 
experiment  was  upon  a  heart  which  seemed  to  be  un\isually  sluggish, 
as  shown  by  the  fact  that  a  solution  containing  only  o.ii  per  cent 
potassium  chloride  kept  it  in  complete  inhibition  for  eighty  minutes. 
During  the  time  that  the  heart  was  at  rest  it  was  stimulated  three 
times,  at  intervals  of  about  fifteen  minutes.  The  first  stimulus  was 
applied  about  forty-five  minutes  after  inhibition  had  commenced. 
When  the  first  stimulus  was  applied,  the  heart  was  at  a  temperature 
of  30°  C;  the  second  stimulus  was  applied  with  the  temperature  at 
20°  C,  and  the  third  with  the  temperature  at  15°  C.  In  every 
instance  the  heart  responded  to  the  stimulation  by  a  single  well- 
marked  contraction.  In  another  case  the  inhibiting  solution  con- 
tained 0.33  per  cent  potassium  chloride.  Six  minutes  after  the 
commencement  of  inhibition,  with  the  temperature  at  19.5°  C,  the 
heart  responded  to  stimulation  as  before,  by  a  single  contraction  for 
each  stimulus.  The  same  result  was  obtained  from  another  heart, 
inhibited  by  a  solution  containing  0.28  per  cent  potassium  chloride, 
with  the  temperature  at  19°  C.  Another  series  of  similar  experi- 
ments was  carried  out,  in  which  the  solutions  used  to  inhibit  the  heart 

'  Ringer  ;  Journal  of  physiology,  1887,  viii,  p.  289. 
*  Bottazzi:  Loc.  cil.,  p.  891. 
»  Howell:  Lot.  eit.,  p.  205. 
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contained  much  larger  proportions  of  potassium  chloride.  With 
the  heart  inhibited  by  a  solution  containing  0.5  per  cent  potassium 
chloride,  stimulation,  applied  four  minutes  after  the  appearance  of 
inhibition,  caused  a  contraction.  The  same  result  was  obtained  from 
a  heart  under  the  influence  of  a  solution  containing  0.6  per  cent 
potassium  chloride,  when  the  stimulus  was  applied  four  minutes  after 
the  beginning  of  inhibition,  but  response  could  not  be  obtained  from 
this  same  heart  eleven  minutes  after  the  onset  of  inhibition.  When 
the  inhibiting  solution  contained  07  per  cent  potassium  chloride,  the 
heart  did  not  respond  to  mechanical  stimulation  four  minutes  after 
the  beginning  of  inhibition.  In  none  of  these  cases  did  the  heart 
execute  a  single  spontaneous  contraction  during  the  time  that  it  was 
under  the  influence  of  the  potassium-containing  solution. 

Tone  Variations  due  to  Potassium  Chloride. 
Stiles,'  in  a  paper  already  mentioned,  showed  that  for  stomach  tissue 
the  percentage  of  potassium  chloride  below  which  loss  of  tone  might 
be  expected  is  about  0,15  per  cent.  With  higher  doses,  tonic  con- 
traction usually  occurs.  The  author's  experiments  indicate  that  the 
same  general  fact,  namely,  a  concentration  of  potassium  chloride 
below  which  loss  of  tone,  and  above  which  tonic  contraction  may 
be  expected,  holds  good  also  for  the  terrapin's  heart,  although  the 
point  at  which  neither  relaxation  nor  tonic  contraction  occurs  would 
seem,  from  an  examination  of  all  his  records,  to  fall  somewhat  higher 
than  the  flgure  given  by  Stiles  for  the  stomach  of  the  frog.  About 
0.23  per  cent  potassium  chloride  appears  to  be  the  dose  at  which 
variations  in  tone  do  not  occur  in  neither  direction. 

Escape  from  Potassium  Inhibition. 
The  first  point  to  be  noted  under  this  head  concerns  the  ability  of 
the  ventricle  to  break  spontaneously  through  the  inhibition  caused  by 
potassium  chloride  solutions.  Considerable  difference  was  noted  in 
this  respect  according  as  the  heart  was  fresh,  that  is,  just  isolated 
frdra  the  influence  of  the  normal  circulation,  or  had  been  for  a  long 
time  subject  to  the  action  of  inorganic  solutions.  In  the  latter  case  a 
larger  dose  of  potassium  chloride  seemed  to  be  required  to  maintain 
the  heart  in  complete  stand-still  than  when  the  organ  had  just  been 
isolated.    In  one  experiment  a  fresh  heart  was  beating  under  normal 

■  Stiles  :  Lee.  cit. 
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Ringer's  fluid  at  the  rate  of  twenty-eight  contractions  in  the  minute, 
the  temperature  being  19.5°  C.  It  was  then  irrigated  continuously 
with  a  solution  containing  o.i  per  cent  potassium  chloride.  It  re- 
mained at  rest  for  eight  minutes,  and  then,  in  spite  of  the  continuous 
action  of  the  potassium-containing  solution,  began  to  beat  again  with 
a  regular  but  very  slow  rhythm,  not  exceeding  one  contraction  per 
minute.  The  temperature  remained  unchanged  throughout  the  ex- 
periment. In  another  experiment  a  heart  which  had  been  con- 
tinuously irrigated  with  inorganic  solutions  for  two  and  one-half  hours 
was  brought  to  a  stand-still  from  normal  Ringer's  solution  by  the  in- 
troduction of  a  solution  containing  0.25  per  cent  potassium  chloride. 


The  Invlvencr  o 


I  Escape  of  thb  Heart  from 


Potassium  Ikhibi 


Dale. 
1902. 

Per  cent  KCI 

in  inhibiting 

inhibition 
C. 

of 
raco^very. 

Bale 
per  minute 

before 
inhibiiion. 
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OM 

2ao" 

27.5" 

31 

28 

"    17 

Oil 
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33,0° 

24 

4 

"    20 

0.12 

21.S» 

28.0° 

24 

36 

"    20 

0.24 

22.S° 

30.0" 

10 

7 

"    21 

010 

21.0" 

29.0° 

32 

9 

"    2J 

015 

14.5= 

26.0<' 

38 

4 

In  five  minutes  it  began  to  beat  again  slowly,  and  with  less  vigor  than 
when  fed  with  the  normal  solution.  The  temperature  in  this  experi- 
ment was  17°  C.  In  no  case  in  which  a  heart  escaped  spontaneously 
from  the  inhibition  brought  about  by  the  presence  of  potassium  in 
the  irrigating  solution,  did  the  beat  approach  the  normal  in  rate. 

A  very  different  result  was  noted  when  the  temperature  of  the 
inhibiting  solution  was  raised.  A  number  of  records  were  obtained  I 
in  which  the  beat  was  restored  very  well  by  the  application  of  heat. 
Table  I  gives  the  results  of  six  such  observations  made  during  the 
month  of  October,  1902. 

Attempts  to  overcome  the  efTects  of  potassium  inhibition  by  heat 
were  very  rarely  successful  when  the  concentration  of  potassium  in 
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the  inhibiting  solution  exceeded  a25  per  cent,  although  almost 
uniformly  so  when  the  proportion  of  potassium  was  less  than  0.25 
per  cent.  This  concentration  of  potassium  is  about  the  same  as  that 
which  forms  the  usual  upper  limit  at  which  spontaneous  escape  from 
potassium  inhibition  can  occur. 

A  number  of  experiments  were  performed  to  determine  whether  the 
inhibitory  effect  of  potassium  can  be  directly  counteracted  by  the 
addition  of  other  substances  to  the  inhibiting  solution.  The  sub- 
stances tested  fall  into  the  following  five  groups  : 

1.  Substances  which  combine  with  potassium  to  form  more  or  less 
insoluble  compounds : 

Gold  chloride,  platinum  chloride,  sodium  tartrate,  phosphoric 
acid. 

2.  Substances  which  are  recognized  as  direct  heart  stimulants : 
Caffein,  strychnia,  digitalin. 

3.  Substances  which  have  been  used  on  the  cold-blooded  heart  to 
excite  contractions : 

Delphinin,'  nicotine. 

4.  Substances  which  have  been  supposed  to  exert  a  favorable 
influence  upon  heart  activity : 

Lecithin,  boric  acid. 

5.  Various  compounds  of  calcium  : 

Calcium  chloride  in  solution  stronger  than  physiological,  calcium 
glycero-phospbate,  gum  arable. 

Those  substances  of  this  series  which  are  recognized  as  proto- 
plasmic poisons  were  used  in  very  dilute  solution,  so  as  to  avoid 
injuring  the  heart  permanently.  No  one  of  the  substances  tested 
was  at  all  effective  in  restoring  the  activity  of  the  heart  during 
potassium  arrest,  although  the  fact  that  they  had  not  caused  perma- 
nent injury  was  shown  by  the  normal  series  of  beats  which  was  sub- 
sequently given  in  every  instance  with  a  favorable  circulating  medium 
(normal  Ringer's  fluid).  The  concentration  of  potassium  chloride 
used  for  inhibiting  the  heart  in  these  experiments  ranged  from  0.25 
to  0.40  per  cent. 

Recovery  prom  Potassium  Inhibition. 
All  experimenters  who  have  studied  the  action  of  salts  on  the  cold- 
blooded heart  have  noted  the  celerity  with  which  the  tissue  resumes 
its  normal  function  when  changed  from  an  inhibiting  solution  to  one 
>  Bowditch:  ArbeilenausderphysioEc^scheaADStaltztt  Leipiig,  1871, p.  169. 
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favorable  to  activity.  A  somewhat  extended  study  of  the  recovery 
which  is  obtained  by  washing  out  the  inhibitory  substance  was  made 
in  connection  with  this  series  of  experiments,  inasmuch  as  previous 
experience  had  indicated  that  the  only  practicable  method  of  over- 
coming the  inhibitory  influence  of  potassium  must  consist  in  removing 
the  potassium  from  the  tissue.  In  a  previous  paragraph  attention 
was  catted  to  the  surprising  quickness  with  which  the  potassium  effect 
shows  itself;  in  this  connection  is  to  be  noted  the  equally  surprising 
rapidity  with  which  the  inhibition  may  be  overcome,  A  number  of 
tests  showed  that  the  small  proportion  of  potassium  chloride  in  normal 
Ringer's  fluid  has  no  appreciable  effect  in  delaying  the  recovery  from 
potassium  inhibition,  as  compared  with  07  per  cent  sodium  chloride 
solution,  or  the  same  solution  containing  0.025  pcr  cent  calcium 
chloride,  without  potassium  chloride,  and  since  the  beat  obtained 
from  the  whole  heart  with  Ringer's  fluid  is  superior  to  that  given  by 
it  under  the  influence  of  the  other  solutions  mentioned,  Ringer's  fluid 
was  used  exclusively  in  these  observations. 

It  would  appear,  from  \.  priori  considerations,  that  the  ease  with 
which  Ringer's  solution  is  able  to  wash  out  the  inhibiting  potassium 
from  the  tissue  should  depend  partly  upon  the  concentration  of  potas- 
sium chloride  which  was  used  for  producing  the  arrest,  partly  perhaps 
upon  the  length  of  time  that  the  tissue  has  been  under  the  influence  of 
the  potassium-containing  solution,  and  there  might  also  be  a  difference 
in  the  action  of  the  Ringer's  solution  according  as  its  temperature  is 
high  or  low.  In  Table  II,  which  gives  the  results  of  forty-five  obser- 
vations of  the  recovery  from  potassium  inhibition  by  irrigation  with 
Ringer's  fluid,  these  factors  are  noted.  The  experiments  recorded  in 
this   table   were   performed   upon    twelve   diflerent  hearts. 

Analysis  of  this  table  shows,  in  the  first  place,  that  the  rapidity 
with  which  the  potassium  eflfect  is  overcome  by  irrigation  with 
Ringer's  fluid  is  about  the  same  for  all  concentrations  of  potassium 
chloride  up  to  0.3  per  cent.  The  average  time  required  for  the  in- 
hibition to  be  overcome,  for  the  first  twenty-four  observations  given  io 
the  table,  in  all  of  which  the  inhibiting  solution  contained  not  more 
than  0.30  per  cent  potassium  chtonde,  was  three  minutes.  When  in- 
hibition was  caused  by  solutions  containing  higher  concentrations  of 
potassium  chloride  than  0.30  per  cent,  there  was  a  marked  lengthen- 
ing of  the  time  which  elapsed  between  the  commencement  of  irrigation 
with  Ringer's  fluid  and  the  resumption  of  normal  activity.  The  aver- 
age time  for  seventeen  observations  (numbers  twenty-five  to  forty- 
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TABLE  ll—ctttHttiaJ. 
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one  in  the  table)  was  nine  minutes.  The  inhibition  was  caused  in 
these  cases  by  solutions  containing  from  0.31  per  cent  to  0.6  per  cent 
potassium  chloride.  Four  observations  were  made  in  which  solutions 
containing  potassium  chloride  in  the  highest  possible  concentrations 
compatible  with  the  preservation  of  the  normal  osmotic  relations  of 
the  tissue  were  used.  The  concentrations  employed  varied  from  0.7 
to  1.0  per  cent.  These  observations  are  given  in  numbers  forty-two  to 
forty-five  of  the  table.    The  average  time  between  the  commencement 
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of  irrigation  and  the  onset  oE  activity  in  these  four  cases  was  twenty- 
five  minutes.  These  results  indicate  that  the  changes  wrought  in  the 
tissue  by  the  presence  of  large  percentages  of  potassium  salts  in  the 
surrounding  medium,  are  somewhat  more  deep-seated  than  when 
smaller  doses  of  these  salts  are  present,  although  the  inhibitory  effect 
of  the  potassium  may  be  exerted  by  the  smaller  dose.  Even  the 
largest  percentages  of  potassium  chloride  employed  in  these  experi- 
ments did  not  seem  to  be  permanently  injurious  to  the  heart  tissue, 
inasmuch  as  the  normal  activity  of  the  heart  could  be  restored  in 
every  case,  even  after  inhibition  with  the  strongest  solutions  used,  by 
washing  out  the  excess  of  the  potassium  salt. 

The  length  of  time  that  the  heart  was  under  the  influence  of  the 
potassium-containing  solution  did  not  seem  to  have  much  etlect  on 
the  ease  with  which  the  inhibition  could  be  overcome  by  irrigation 
with  Ringer's  fluid.  If  this  factor  entered  into  the  case  at  all,  it  was 
in  those  instances  in  which  the  dose  of  potassium  chloride  was  large. 
In  some  experiments  in  which  high  concentrations  of  potassium 
chloride  were  used  for  inhibiting  the  heart,  there  seemed  to  be  a  dis- 
tinct lengthening  of  the  time  required  for  the  overcoming  of  the 
inhibition,  in  those  cases  in  which  the  duration  of  the  potassium 
irrigation  had  been  long,  as  compared  with  those  in  which  it  had  been 
only  momentary.  It  would  appear  from  these  results  that  the  con- 
dition of  the  heart,  during  inhibition  with  light  doses  of  potassium  at 
any  rate,  is  not  one  of  progressive  change,  in  which  the  heart  sinks 
deeper  and  deeper  under  the  effect  of  the  salt,  but  that  it  remains  in 
a  quiescent,  and  so  to  speak  permanent  state  under  the  potassium. 
Long  irrigation  with  potassium -containing  solutions  of  any  concen- 
tration used  in  these  experiments  did  not  injure  the  tissue  per- 
manently, since  it  contracted  normally  in  every  case  after  removal  of  > 
the  inhibitory  substance. 

Two  experiments  were  performed  for  the  purpose  of  determining  to 
what  extent  the  temperature  of  the  Ringer's  solution  used  to  over- 
come the  inhibition  of  potassium,  influences  the  rapidity  with  which 
this  inhibition  is  overcome.  Thefirst  of  these  experiments  is  recorded 
in  numbers  seventeen  to  twenty-four  of  Table  II.  Inhibition  was 
caused  by  a  solution  containing  0.3  per  cent  potassium  chloride  in 
each  observation  of  this  experiment,  and  the  duration  of  inhibition 
was  ten  minutes  in  every  case.  The  average  temperature  of  the 
Ringer's  fluid  in  four  of  these  observations  was  i7.5°C.  The  time 
required  for  recovery  averaged  2.75  minutes.    In  four  other  observa- 


ibyGooglc 


382  E.  G.  Martin. 

tions  the  average  temperature  of  the  Ringer's  solution  was  26.5°  C, 
and  the  time  for  recovery  averaged  1,25  minutes.  The  other  experi- 
ment of  this  sort  is  recorded  in  numbers  thirty-five  to  thirty-nine  of 
the  table.  In  these  observations  the  heart  was  inhibited  with  a  solu- 
tion containing  0.5  per  cent  potassium  chloride.  Ten  minutes  was 
again  the  time  of  inhibition  in  every  case.  Three  of  the  observations, 
in  which  the  average  temperature  of  the  Rtnger's  solution  was  16°  C, 
showed  an  average  time  of  six  minutes,  as  necessary  for  the  heart 
to  resume  activity.  The  other  two  observations  were  made  with 
Ringer's  solution  whose  temperature  averaged  25.5°C.  The  average 
time  of  recovery  for  these  two  was  two  minutes. 

Effect  of  Variations   of    Temperature  upon  the  Rate    of 
Beat. 

Cyon  '  made  a  careful  study  of  the  effect  of  variations  of  temperature 
upon  the  rate  of  the  frog's  heart-beat.     He  used  rabbit's  serum  as  a 
circulating  medium,  and  found   that 
when  the  frog's  heart   was  perfused 
with   this  solution  the  rate  of  beat 
increased  with  the  temperature  until 
a  certain  optimum  temperature  was 
reached;  above  this  temperature  the 
rhythm  of  contraction  became  irreg- 
ular, slowed    rapidly,  and    the   heart 
came  to  rest  a  few  degrees  above  the 
temperature  of  greatest  frequency  of 
beats.     When  cooled  down  again,  the 
F[coRE3.-Theeff«i  of  variations     heart    resumed   beating.     According 
of  temperature  upon  the  rate  of    to  Cyon's  work,  the  low  temperature 

the  heart-beat.    The  ordinates  re-      ijtgij   gf    activity   in    the   frOg's    heart 

present   the  number  of  contrac-      ,.  ,  ^ 

tioi>3  in  the  minute.    The  figures     ''^^  near  zero  degrees  C. 

along  the  abscissa  line  represent  In    connection    with    thcse   expcri- 

the   temperatures.     Heart  per-     ments  a  Study  was  made  of  the  effect 

fused  with  normal  Ringer's  solu-     ^^   variations    of   temperature    upon 

the  activity  of  terrapin's  hearts,  both 

when    irrigated   with    normal    Ringer's    fluid,  and    with    solutions 

containing    various    proportions   of  potassium   chloride.      The   low 

>  Cvon:  Berichte  der  konigliche  sachsische  Geselbchafl  der  Wisseiuchaften, 
1866,  p.  257. 
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temperature   limit  of  automaticity  for  the  terrapin's   heart   appears 
to  be  somewhat  higher  than  for  the  frog's  heart.     Frequently  stand- 1 
still  is  observed  under  irrigation  with  Ringer's  fluid  at  from  8'  C   1 
to  10"  C.     The  variations  of  rate  with  increase  of  temperature,  as 
shown  by  this  series  of  observations,  agree  closely  with  those  re- 
corded by  Cyon,  notwithstanding  the  fact  that  his  experiments  were 
upon  a  different  animal  and  under  slightly  different  circumstances, 
In  one  experiment,  whose  curve  is  given  in  Fig,  3,  the  ventricle  was 
inactive  at  lo"  C.     As  the  temperature  was  raised  beats  began,  and 
the  rate  increased  quite  uniformly  with  the  rise  in  temperature  until 
an  o^mum  temperature,  34°  C,  was  reached.     Above  this  temper- 
ature the  rate  fell  off  sharply,  and  the 
rhythm  became  very  irregular.     The 
point    of    complete    stand  -still    was 
reached  at  about  42°  C.     In  this  ex- 
periment, as  in  all  of  the  same  kind 
performed  by  the  author,  it  appeared 
that  for  any  given  heart  the  relation  of 
temperature  to  rate  was  very  nearly      ^ 
an  absolute  one.     That  is  to  say,  when-       ^ 
ever  during  the  course  of  the  experi- 
ment the  temperature  is  at  any  point,     p,„„^^  4  _  ^he  ,««,  of  v„u,ion, 

the   rate  of   beat   at   that   time   will   be  of  temperature  upon  the  rate  uf 

very  nearly  the  same  as  at  any  other  '*"  heart-beat.    The  ordinate 

time   when    the    temperature    is    the  represent  the  n«,„bcr  of  contuc- 

,                  "  (loiis  in  the  minule.    The  figures 

same.      This  is   true  whether  the  tem-  a|„ng  ,he  al«cissa  line  represent 

perature  is  rising  or  falling  at  the  time.  'he    Icmperatures.      Heart    per- 

In  constructing  the  ascending  limb  of  ^""''  ""*'  ^  loiu'io"  containing 

..  ■  p-  .u  t  0.08  per  cent  potassium  chloride. 
the  curve  in   Fig.  3,  the  averages  of 

four  curves  were  taken.  These  four  curves  were  closely  parallel 
throughout  their  length.  Two  of  them  were  curves  of  increasing 
temperatures,  and  two  curves  of  decreasing  temperatures. 

An  increase  in  the  proportion  of  potassium  chloride,  too  small  to 
produce  even  temporary  inhibition,  has  almost  no  effect  upon  the 
relation  between  temperature  and  rate.  In  Fig.  4  a  curve  is  given  to 
show  this  fact  when  the  irrigating  solution  contained  0.08  per  cent 
potassium  chloride. 

When  the  proportion  of  potassium  chloride  in  the  irrigating  solu- 
tion is  large  enough  to  produce  temporary  inhibition,  followed  by 
partial  recovery,  the  form  of  curve  obtained  by  plotting  rates  against 
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Figure  S.  —  The  effect  of  variations  of  tem- 
perature upon  the  t»te  of  the  heart-beat. 
The  ordinltes  represent  the  nutnber  of 
contraciions  in  the  minute.  The  figures 
along  the  abscUsa  line  represent  the 
temperatures.  Heart  perfused  with  a 
solution  containing  0.11  per  cent  potas- 
sium chloride. 


temperature  is,  as  would  be  expected,  very  different  from  the  normal. 
In  Fig.  5  a  curve  is  shown  in  which  the  irrigating  solution  contained 
O.I  I  per  cent  potassium  chloride.  The  point  of  low  temperature 
stand-still  is  much  higher  than  normal,  the  point  of  optimal  temper- 
ature is  considerably  lower  than 
normal,  and  the  high  temper- 
ature limit  occurs  at  a  point 
about  equivalent  to  the  normal 
optimum.  The  curve  as  a  whole 
is  much  flatter  than  those  ob- 
tained when  the  heart  is  irrigated 
with  solutions  containing  physi- 
ological amounts  of  potassium. 

In  a  single  experiment,  the 
curve  of  which  is  given  in  Fig. 
6,  the  heart  was  perfused  with  a 
solution  containing  sodium  and  calcium  chlorides  in  the  proportion 
in  which  they  occur  in  normal  Ringer's  fluid,  but  containing  no 
potassium  salt.  In  this  expieriment  the  low  temperature  limit  of 
automaticity  was  below  that  usually  shown  by  hearts  under  the 
influence  of  Ringer's  solution ; 

in  fact,  with  the  method  of  cool- 

...  '8 

ing  used  in  these  experiments, 

the  heart  was   not    brought   to 
rest  by  the  lowest  temperature    ^ 
obtainable.    The  increase  in  rate 
was    more  gradual    than    under 
corresponding  conditions   when 
Ringer's  fluid  was  used  for  ir- 
rigating the  organ,  a   fact  one 
would  scarcely  anticipate  when 
the  inhibitory  character  of  potas- 
sium is  borne  in  mind.      The  optimum  was  reached  at   about   the 
normal  temperature,  but  the  onset  of  heat  stand-stilt  was  much  more 
abrupt  than  in  any  other  of  the  cases  studied. 


Fioure6.  —  The  effect  of  variations  of  tem- 
perature upon  the  rate  of  the  heart-beat. 
The  ordinates  represent  the  number  of 
contraciions  in  the  minute.  The  figure* 
along  the  abscissa  line  represent  the  tem- 
peratures. Heart  perfused  with  a  solution 
containing  no  pota&siura  chloride. 


The  Influence  of  Potassium  Chlorid 


I  THE  Auricle. 


Any  one  who  studies  the  reactions  of  the  heart  to  salts,  cannot  fail 
to  be  impressed  with  the  great  differences  in  these  reactions  exhib- 
ited by  the  different  portions  of  the  organ.    Strips  from  the  v 
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end  of  the  heart  were  studied  with  great  care  by  Howell,'  who  showed 
that  this  tissue  contracts  spontaneously  when  inimersed  tff  a  solution 
(Ringer's)    containing   a   small    proportion  oE  potassium,    although 
strips  from  the  ventricle  are  completely  inhibited  by  the  same  solu- 
tion.    The  greater  tolerance  of  the  auricles  toward  potassium   was  / 
strikingly  illustrated  in  the  series  of  experiments  under  consideration. ' 
One  of  the  first  effects  of  the  application  of  a  fairly  concentrated 
solution  of  potassium  chloride  to  the  terrapin's  heart,  appears  to  be 
the  severance  of  that  consonance  of  rhythm  which  normally  exists 
among   the  different  chambers  of  the  heart.     The  slowing  of  the 
ventricle,   as    the   effect   of   perfusion    with  a  potassium-containing 
solution,  is  always  more  marked 
than  the  corresponding  slowing 
of  the  auricles.     In  fact,  tern- 
porary  inhibition   of  the  ven- 
tricles  may  occur  without  any     ^ 
appreciable    alteration    in    the     „ 
auricular  rate.     In  the  experi-     jj 
ment  which   is  illustrated   in      g 
Fig,  7,  the  ventricle  came  to     4 
rest  undera  solution  containing      0 
0.12  per  cent  potassium  chlo- 
ride, although  under  this  same 
solution,  at  the  same  time,  the 
auricles  continued  to  beat  vig- 
orously at  the  rate  of  twcnty- 
\  four  contractions  in  the  minute. 
In  every  case  in  which  the  ven- 
tricle   escaped     spontaneously 
from    the   inhibition   of   potassii 


Figure  7.  —  The  eEfect  of  ii 
tions  of  potass i 


solut 

The    ordinal 


n  the  I 


Ide  in  the  ii 
eat  of  Ihe 


rrigatiiig 
auricles. 


contractions  in  the  minute.  The  figures 
along  the  abscissa  line  represent  the  pro- 
portion of  potassium  chloride  in  the 
irrigating  soiulion,  expressed  in  hundredths 
of  1  per  cent. 

its   rate    after   the   escape    was 


markedly  slower  than  the  corresponding  beat  of  the  auricles. 

Fig.  7  illustrates  the  general  effect  upon  the  auricles  of  perfusing 
the  heart  with  solutions  containing  gradually  increasing  percentages 
of  potassium  chloride.  The  curve  fails,  however,  to  show  one  interest- 
ing fact.  In  several  instances  the  immediate  effect  of  increasing  the 
proportion  of  potassium  chloride  in  the  perfusing  solution,  was  to 
depress  the  auricular  rate  to  a  point  below  that  subsequently  attained 
under    the   same  dose  of  the  potassium  salt.     In  other  words,  the 

'  Howell:  This  journal,  1898,  ii,  pp.  ^detseq. 
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.  auricle  can  recover  from  the  inhibitory  action  of  potassium  much 
'  more  rapidly  and  effectively  than  can  the  ventricle-  When  we  recall 
the  greater  thinness  and  delicacy  of  the  auricular  tissue,  as  compared 
with  that  of  the  ventricle,  and  that  the  former  organ  is  presumably  on 
that  account  much  more  permeable  to  salts,  it  becomes  quite  apparent 
that  the  reactions  of  the  auricle  to  the  various  salts,  especially  to 
potassium,  must  be  very  different  from  those  of  the  ventricle.  From 
this  standpoint,  at  least,  it  would  seem  that  the  two  ends  of  the  heart 
show  independent  properties.  Another  suggestive  fact  in  connection 
with  the  effect  of  potassium  upon  the  auricles  is  that  the  concentration 
of  potassium  chloride  which  the  solution  must  contain  in  order  to 
'  bring  the  auricles  to  rest  is  about  0.25  per  cent.  It  will  be  remem- 
bered that  this  is  just  about  the  concentration  which  prevents  the 
spontaneous  escape  of  the  ventricle,  and  which  also  is  sufficient  to 
maintain  that  part  of  the  heart  in  entire  quiescence  in  spite  of  the 
increased  irritability  which  accompanies  increase  in  the  temperature 
of  the  organ.  It  seems  probable  that  so  long  as  the  auricle  continues 
beating,  and  discharging  impulses  into  the  ventricle,  that  part  of  the 
heart  may  escape  from  the  inhibitory  influence  exerted  upon  it  by  the 
potassium  in  the  solution,  either  spontaneously,  or  by  the  aid  of  heat, 
but  when  the  inhibitory  dose  is  large  enough  to  bring  the  auricle  to 
rest  also,  there  is  no  longer  a  source  of  stimulation  for  the  ventricle, 
and  in  the  absence  of  such  stimulation,  the  ventricle  is  held  in  com- 
plete inhibition. 

Effects  of  Variations  of  Temperature  upon  the  Auricles. 
The  auricle  is  affected  in  the  same  general  way  as  the  ventricle  by 
variations  in  the  temperature  of  the  perfusing  solution.  The  thinner 
texture  of  this  organ  renders  it  apparently  more  susceptible  to  varia- 
tions of  temperature  than  the  heavier  and  thicker  ventricle,  but  (his 
greater  susceptibility  may  be  only  apparent,  and  not  real,  simply  be- 
cause the  thin  auricle  can  more  quickly  attain  the  temperature  of  the 
surrounding  solution  than  can  the  thick  walled  ventricle. 

Effects  of  VARiATroNS  of  Temperature  upon  Vagus 
Inhibition. 
G.  N.  Stewart '  made  a  careful  study  of  the  effects  of  variations  of 
temperature  upon  the  action  of  the  vagus  in  frogs.     He  did  not  per- 
fuse his  hearts,  but  immersed  them  in  0.6  per  cent  sodium  chloride, 
'  G.  N.  Stewaht:  Journal  of  physiology,  1892,  liii,  pp.69,  ft  stq. 
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whose  temperature  could  be  varied  at  pleasure.  He  states  his  results 
in  the  following  words :  (i )  "  If  the  temperature  of  the  heart  is  low- 
ered from  the  medium  temperature,  the  inhibitory  activity  of  the 
vagus  is  diminished,  by  whatever  criterion  that  activity  is  estimated." 
(2)  "As  the  temperature  of  the  heart  is  increased  from  the  medium 
temperature,  the  inhibitory  action  of  the  vagus  is  increased,  whatever 
effect  be  taken  as  the  test  of  its  activity."  After  drawing  these 
definite  conclusions  with  regard  to  the  effect  of  variations  of  tempera- 
ture on  the  action  of  the  vagus  in  the  frog,  he  attempts  to  show  that 
the  same  laws  apply  to  the  tortoise.  He  has  this  to  say  with  regard 
to  this  point  :  "  In  general  I  find  that  the  inhibitory  action  of  the 
right  vagus  is  affected  by  temperature  in  the  same  sense  as  that  of  the 
vagus  in  the  frog;  although  the  effect  seems  to  be  less  marked  than 
■n  the  frog,  and  a  much  greater  change  of  temperature  is  necessary  to 
cause  a  sensible  alteration  in  the  inhibitory  activity  of  the  nerve.  At 
very  low  temperature  it  is  unquestionably  more  difficult  to  obtain 
complete  stand-still  of  the  heart  than  at  the  ordinary  or  at  a  higher 
temperature.  But  for  a  considerable  range  above  and  below  the 
ordinary  temperature  it  may  be  difficult  to  demonstrate  any  marked 
difference.  It  is  by  no  means  easy  to  show  in  the  tortoise,  what  is 
seen  in  the  frog,  that  the  minimum  strength  of  stimulus,  needed  to 
produce  a  given  inhibitory  effect,  increases  as  the  temperature  falls 
and  decreases  as  the  temperature  rises.  It  needs  a  considerable  fall 
of  temperature  to  appreciably  increase  the  minimum  stimulus."  Re- 
sults before  Stewart's  investigation  were  not  concordant.  Luchsinger 
and  Ludwig,'  working  on  the  tortoise,  arrived  at  the  same  conclusion 
which  Stewart  reached  later,  that  cooling  the  heart  diminishes  the 
effect  of  the  vagus.  Lupine  and  Tridon,'  on  the  other  hand,  stated 
that  in  the  tortoise  the  action  of  the  vagus  persists  when  the  heart  is 
cooled,  but  is  abolished  when  it  is  heated,  returning  again  on  cooling. 
In  view  of  the  known  effect  of  heat  in  increasing  the  heart-rate, 
presumably  by  accelerating  the  catabolic  processes,  the  conclusions  of 
Stewart  seem  unexpected.  When  the  fact  was  brought  out  in  the 
present  series  of  experiments,  that  the  inhibitory  influence  of 
potassium  can  be  counteracted  by  heat  to  a  considerable  extent,  the 
fact  that  the  inhibitory'' act  ion  of  the  vagus  is  affected  in  precisely  the 
opposite  way  by  heat  seemed  so  surprising  that  it  was  thought  worth 

>  Luchsinger  aod  LuDWiG :  Archivfiir  die  gesammie  Physiologic,  1881,  xxv, 
p.  211. 

*  L£finb  and  Tridon  ;  H^moires  de  la  soci^t^  de  biologic,  1876,  p.  38. 
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while  to  repeat  the  experiments  on  the  elTect  of  heat  on  vagus  inhibi- 
tion, using  the  method  of  perfusion  with  inorganic  solutions  of  various 
temperatures,  in  preference  to  the  method  of  immersion  in  0.6  percent 
sodium  chloride  solution,  which  was  employed  by  the  earlier  observers. 
No  modification  of  the  usual  mode  of  isolating  the  heart  in  situ  for 
perfusion  was  necessary,  except  that  care  had  to  be  taken  that  the 
cardiac  nerves  were  not  included  in  any  of  the  ligatures  which  were 
used  in  tying  off  the  various  vessels.  A  number  of  observations  were 
taken,  upon  three  different  hearts.  In  every  case  the  right  vagus 
was  stimulated  as  high  up  in  the  neck  as  convenient.  The  hearts 
were  perfused  with  normal  Ringer's  solution,  which,  as  is  well  known, 
maintains  them  in  vigorous  activity  for  very  long  periods.  The  ex- 
periments were  of  three  sorts.  In  the  first  set  of  observations  a 
strength  of  stimulus  was  selected  which  would  hold  the  heart  at  a 
practical  stand-still  for  several  minutes  at  ordinary  temperatures,  and 
then  the  effect  of  raising  and  lowering  the  temperature  was  observed 
for  this  strength  of  stimulus.  In  the  second  set,  advantage  was  taken 
of  the  fact  that  the  heart  of  the  terrapin  can  be  maintained  in  stand- 
still by  stimulation  of  the  vagus  for  a  number  of  minutes,  without  the 
effect  of  the  stimulus  becoming  appreciably  weaker.  The  heart  was 
inhibited  at  ordinary  temperature,  and  then  while  the  stimulus  was 
still  on,  the  temperature  of  the  organ  was  raised  ten  degrees  or  more, 
and  before  the  stimulus  was  removed  it  was  again  cooled  down  to 
ordinary  temperature.  In  the  third  set  of  observations  a  heart  at  room 
temperature  was  subjected  to  stimulation  through  the  vagus  with 
stimuli  of  gradually  increasing  intensity,  and  the  point  at  which  stand- 
still came  on  was  noted.  The  temperature  was  then  raised  and  the 
same  procedure  carried  out.  The  point  of  stand-still  at  this  tempera- 
ture  was  compared  with  that  at  the  lower  temperature  It  may  be 
stated  at  once  that  in  these  experiments  the  inhibitory  influence  of 
the  vagus  was  diminished  by  increase  of  temperature  in  every  single 
instance,  and  that  cooling  the  heart  down  again  restored  the  in- 
hibitory action  to  its  former  point.  In  detail  the  results  of  the 
experiments  are  as  follows: 

Experiment  of  March  M,  1904-  —  A  heart  was  perfused  with  Ringer's  solution, 
and  the  vagus  was  stimulated  with  tetanic  shocks  of  varying  intensity 
until  a  strength  of  stimulus  was  found  which  would  just  inhibit  the  heart. 
This  occurred  when  the  secondary  coil  was  at  a  distance  of  nine  centi- 
metres from  the  primary.  With  the  secondary  in  this  position,  and  the 
heart  beating  vigorously  and  at  the  normal  rate  for  the  temperature,  which 
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was  20°  C,  (he  vagus  was  stimulated  for  three  minutes.  The  heart  gave 
two  contractions  during  this  time.  The  temperature  was  then  raised  to 
31°  C.,  and; the  vagus  was  stimulated  with  the  same  strength  of  stimulation 
as  before,  for  one  and  one-half  minute.  During  this  time  it  gave  nine 
contractions.  The  temperature  was  again  reduced,  this  time  to  20.5°  C, 
and  again  the  heart  was  subjected  to  the  influence  of  vagus  stimulation  of 
the  same  intensity  as  before ;  the  duration  of  the  stimulation  was  three 
minutes,  and  the  heart  contracted  once  during  this  time.  The  secondary 
coil  was  then  pushed  one  centimetre  nearer  to  the  primary,  increasing  the 
strength  of  the  stimulus  to  a  marked  degree.  The  temperature  of  the 
heart  was  then  raised  to  ag"  C,  and  the  vagus  was  stimulated  for  three 
minutes.  The  heart  gave  nine  contractions  during  the  lime  the  nerve 
was  being  stimulated.  The  temperature  was  then  reduced  to  20°  C,  and 
the  vagus  stimulated  for  five  minutes.  The  heart  gave  three  contrac- 
tions during  the  time  of  stimulation.  The  temperature  was  raised  to 
39°  C,  and  the  vagus  again  stimulated  for  five  minutes.  The  heart  gave 
eleven  contractions  while  the  stimulus  was  on.  Again  the  temperature 
was  reduced,  this  time  to  19°  C.  and  the  vagus  was  stimulated  for  five 
minutes.  The  heart  gave  no  contractions  during  the  time  of  stimulation. 
Finally  the  temperature  was  raised  once  more  to  %%"  C,  and  the  vagus 
stimulated  again  for  five  minutes.  Tlie  heart  gave  thirteen  beats  during 
these  five  minutes.  In  every  case  the  heart  was  beating  regularly  and 
rapidly  when  the  stimulus  was  applied  to  the  vagus  nerve. 

Experiment  of  March  £9, 1904.  —  A  heart  was  perfused  with  Ringer's  fluid, 
and  the  minimal  inhibitory  stimulus  through  the  vagus  wa«  determined. 
A  different  strength  of  current  was  used  in  operating  the  primary  coil  than 
in  the  experiment  of  the  day  before,  and  the  secondary  was  placed  at 
seven  centimetres  from  the  primary  to  give  the  stimulus  desired.  With 
the  heart  at  21°  C,  the  vagus  was  stimulated  for  two  minutes.  The  heart 
contracted  twice  while  the  stimulus  was  on.  The  temperature  was  raised 
to  29°  C,  and  the  vagus  stimulated  with  the  same  strength  of  stimulus  as 
before,  for  two  minutes.  The  heart  gave  sixteen  beats  during  the  time 
the  vagus  was  being  stimulated.  The  strength  of  stimulus  was  increased 
by  pushing  the  secondary  coil  one-half  centimetre  nearer  the  primary. 
The  temperature  was  raised  to  31°  C,  and  the  vagus  stimulated  for  one- 
half  minute.  The  only  noticeable  effect  of  the  stimulation  was  a  slight 
slowing  of  the  rate  of  beat,  and  a  fall  in  the  tone  of  the  heart.  The 
temperature  was  then  lowered  to  22"  C,  and  the  vagus  stimulated  with 
the  same  stimulus  as  in  the  preceding  case,  for  four  minutes.  The  heart 
beat  once  while  the  stimulus  was  on.  The  temperature  was  again  raised 
to  30°  C,  and  the  vagus  again  stimulated,  this  time  for  three  minutes, 
The  heart  contracted  seventeen  times  during  the  stimulation. 
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Experiment  of  Afareh  SO,  1904.  —  A  heart  was  perfused  with  Ringer's  solution, 
and  the  minimal  strength  of  stimulation  of  the  vagus  necessary  to  cause 
stand-still  of  the  heart  was  determined.  This  occurred  with  the  secondary 
coil  at  eight  centimetres  from  the  primary.  With  the  heart  at  ao°  C,  tlie 
vagus  was  stimulated  for  three  minutes.  The  heart  contracted  six  times 
while  the  stimulus  was  on.  The  temperature  was  then  raised  to  31-5°  C.i 
and  the  vagus  again  stimulated  for  three  minutes.  The  heart  contracted 
thirty-nine  times  during  this  stimulation.  The  temperature  was  reduced 
to  2 1°  C,  and  the  vagus  again  stimulated.  The  heart  gave  no  contractions 
during  the  three  minutes  of  stimulation.  The  secondary  coil  was  then 
pushed  one  centimetre  nearer  the  primary,  and  the  vagus  stimiiUted  for 
three  minutes  with  the  temperature  of  the  heart  at  31°  C.  No  contrac- 
tions were  given  while  the  stimulus  was  on.  The  temperature  was  then 
raised  to  31°  C,  and  the  vagus  stimulated  for  one  minute.  The  heart 
gave  thirteen  beats  in  this  minute  of  stimulation.  The  temjierature  was 
reduced  to  30.5°  C,  and  the  vagus  stimulated  for  four  minutes.  The 
heart  was  held  throughout  the  time  of  stimulation  in  perfect  quiescence. 
When  the  temperature  was  raised  to  39°  C,  and  the  vagus  stimulated  for 
four  minutes,  the  heart  gave  twenty-one  contractions  while  the  stimulus 
was  on.  Subsequent  lowering  of  the  temperature  to  ai°C.,  and  stimulation 
of  the  vagus,  inhibited  the  heart  as  completely  as  before  under  like  condi- 
tions. The  secondary  coil  was  pushed  still  another  centimetre  nearer  the 
primary,  and  the  vagus  was  stimulated  at  315°  C,  with  the  result  that  the 
heart  was  held  in  quiescence  for  four  minutes.  The  temperature  was  then 
raised  to  32.5°  C,  and  the  vagus  stimulated  for  three  minutes.  The  heart 
beat  fifty-one  times  during  the  stimulation.  When  the  temperature  was 
again  lowered  to  aa"  C,  vagus  inhibition  was  again  complete. 

Two  experiments  were  performed  in  which  the  tetnperature  was 
raised  during  the  stimulation  of  the  vagus,  and  the  influence  of  in- 
crease of  temperature  under  this  condition  was  determined.  In  each 
case  a  strength  of  stimulus  was  employed  which  was  considerably 
greater  than  the  minimum  inhibitory  stimulus,  so  as  to  insure  that 
there  could  be  no  question  of  spontaneous  escape  from  the  inhibition, 
aside  from  that  due  to  the  heating.  The  two  observations  were  made 
on  two  different  hearts.  In  the  first  case  the  vagus  was  stimulated 
with  the  temperature  of  the  heart  at  21°  C.  After  the  heart  had 
been  under  the  influence  of  the  inhibitory  action  of  the  vagus  for 
two  minutes,  warm  Ringer's  fluid  was  turned  into  it.  When  its  tem- 
perature reached  27°  C,  contractions  began,  and  nine  beats  took 
place  in  two  minutes.  Meanwhile  the  warm  solution  had  been  turned 
off,  and  fluid  of  room   temperature  was  perfused.     As  the  temper- 
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ature  of  the  heart  fell  below  27°  C,  the  organ  again  came  to  rest  and 
remained  so  for  two  minutes  longer,  when  the  inhibitory  stimulus 
was  removed.  In  the  second  case,  the  inhibition  was  effected  with 
the  temperature  of  the  heart  at  22°  C.  After  three  minutes  of  quies- 
cence the  warm  fluid  was  introduced,  and  again  beats  commenced 
when  the  temperature  reached  27°  C  In  this  case  the  rate  of 
contraction  became  so  rapid  that  the  individual  beats  cannot  be 
separated  on  the  record,  a  slow  drum  having  been  used  in  these 
experiments.  After  three  minutes  of  this  rapid  beating,  the  cool 
solution  was  turned  into  the  heart,  and  as  the  temperature  fell  below 
27°  C->  the  heart  agai,n  came  to  rest,  remaining  so  during  the  four 
minutes  that  the  situation  of  the  vagus  was  continued. 

One  attempt  was  made  to  compare  the  minimal  inhibitory  stimulus 
at  room  temperature  with  that  at  higher  temperatures.  With  the 
heart  at  22°  C,  the  vagus  was  stimulated  with  gradually  increasing 
intensity,  beginning  with  a  sub-minimal  stimulus.  Pronounced 
slowing  of  rate  occurred  when  the  secondary  coil  was  ten  centimetres 
from  the  primary,  and  quiescence  came  on  with  it  at  a  distance  of 
nine  centimetres.  The  temperature  was  then  raised  to  31.5°  C,  and 
the  vagus  was  again  stimulated  with  increasing  intensity,  beginning 
with  the  secondary  coil  at  the  point  which  sufficed  to  inhibit  the 
heart  completely  at  the  lower  temperature.  With  the  heart  at  this 
high  temperature,  no  inhibitory  effect  was  apparent  with  the  secondary 
at  this  point,  nor  could  the  heart  be  brought  to  rest  by  the  strongest 
stimulus  which  could  safely  be  employed.  The  secondary  was 
pushed  to  within  three  centimetres  of  the  primary  coil.  To  make 
sure  that  the  nerve  had  not  been  injured,  the  temperature  was  again 
reduced  to  23°  C,  and  increasing  stimuli  were  again  thrown  into  the 
nerve.  This  time  the  heart  came  to  rest  with  the  secondary  coil  at 
six  centimetres  from  the  primary. 

These  experiments  seem  to  show  conclusively  that  in  the  terrapin 
heart,  perfused  with  favorable  inorganic  solutions,  the  inhibitory 
action  of  the  vagus  nerve  is  much  more  pronounced  at  room  temper- 
atures than  at  temperatures  ten  degrees  above  these. 

Conclusions. 

At  the  beginning  of  this  paper  the  object  tn  view  was  stated  to  be 

a  comparative  study  of  potassium  inhibition  and  vagus  inhibition,  in 

order  to  determine,  if  possible,  how  much  probability  there  may  be 

in  the  suggestion  of  their  identity.    The  two  forms  of  inhibition  have 
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the  following  points  of  similarity  in  the  terrapin.  Both  can  be  so 
adjusted  as  to  cause  either  a  slowing  of  the  heart  rate  only,  or  com- 
plete stand-still.  The  intensity  of  each  can  be  so  regulated  that  the 
heart  retains  its  irritability  throughout  the  inhibition.  Stimulation 
of  the  vagus  causes  a  diminution  in  the  force  of  contraction,  as  well 
as  in  rate  of  beat.  In  the  author's  curves  a  similar  diminution  of 
force  is  to  be  seen  in  those  cases  in  which  the  percentage  of  potas- 
sium chloride  in  the  irrigating  solution  was  the  largest  which  the 
heart  could  bear  without  coming  to  rest.  Smaller  doses  of  potas- 
sium chloride  did  not  have  any  appreciable  influence  on  the  force  of 
the  individual  contractions.  Both  vagus  aod  potassium  chloride 
inhibition  arc  counteracted  by  heat.  In  both  forms  of  inhibition  the 
effect  becomes  manifest  very  soon  after  the  application  of  the  inhibi- 
tory influence,  and  disappears  promptly  upon  removal  of  that  influence. 
Neither  has  marked  after-effect  in  the  terrapin.  Relaxation  of  tone 
results  from  stimulation  of  the  vagus,  and  also  from  irrigation  with 
potassium  chloride,  provided  the  dose  be  not  excessive.  What  ap-^ 
pears  at  first  sight  to  be  a  fundamental  difference  in  the  action  of  the 
two  forms  of  inhibition  is  the  fact  that  potassium  inhibition  affects 
the  ventricle  before  it  does  the  auricle,  whereas  the  opposite  is  true 
of  vagus  inhibition.  MacWilliam  ^  has  shown,  however,  that  the  rel- 
ative responsiveness  of  the  dififerent  parts  of  the  heart  to  vagus  stim- 
ulation depends  rather  upon  the  distribution  of  the  inhibitory  nerves 
in  the  organ  than  upon  any  greater  intrinsic  sensitiveness  of  one 
part  as  compared  with  another.  He  shows,  also,  that  in  the  tortoise 
the  inhibitory  fibres  are  confined  to  the  venous  end  of  the  heart.  All 
researches  into  the  effects  q|  salts  on  cardiac  tissue  seem  to  show  that 
the  ventricle  is  more  responsive  to  variations  in  the  salt-content  of  the 
irrigating  solution  than  is  the  tissue  at  the  venous  end  of  the  heart. 
This  fact  is  very  apparent  in  the  case  of  potassium,  but  it  does  not 
necessarily  argue  a  fundamental  difference  between  the  inhibition 
brought  about  by  this  substance  and  that  resulting  from  stimulation 
of  the  vagus  nerve,  since  the  distribution  of  the  nerve  is  to  those  ^ 
parts  which  are  least  sensitive  to  the  salts.  Both  forms  of  inhibition 
act,  probably,  directly  upon  the  muscle  tissue  ;  their  influence  upon 
it  seems  to  be,  in  general,  the  same.  Since  in  the  terrapin  the  vagus 
effect  is  confined  to  the  sinus  and  auricles,  a  true  comparison  between 
it  and  the  potassium  effect  can  only  be  made  by  considering  those 
'  MACWlLLrAM  :  Journal  of  physiology,  1885,  vi,  p.  224.  See  also  Gaskell: 
Schafek's  Text-book  of  Physiology,  ii,  p.  214. 
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cases  of  potassium  inhibition  in  which  the  auricles  were  brought  to 
rest.  This  result  was  obtained,  it  will  be  remembered,  when  the 
concentration  of  potassium  chloride  in  the  solution  was  about  0.25 
per  cent.  Reference  to  the  data  given  in  this  pEiper  shows  that  there 
is  a  rather  narrow  range  of  concentrations  of  potassium  chloride,  at 
which  tlie  auricle  may  be  inhibited,  and  yet  those  points  in  which 
potassium  inhibition  resembles  vagus  inhibition,  namely,  the  phe- 
nomena of  recovery  by  heat,  loss  of  tone,  retention  of  irritability, 
and  prompt  recovery  from  the  inhibition,  may  all  be  present.  The 
analogy,  then,  so  far  as  these  points  are  concerned,  holds  as  well  for 
the  auricle  as  for  the  whole  heart.  These  analogies  seem  to  lend 
color  to  the  suggestion  that  vagus  inhibition  and  potassium  inhibi- 
tion may  be  identical,  although  they  cannot  be  looked  upon  as  a 
demonstration  of  this  identity. 
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THE     HOURLY    VARIATIONS    IN    THE    QUANTITY     OF 

HAEMOGLOBIN  AND  IN  THE  NUMBER  OF  THE 

CORPUSCLES  IN  HUMAN  BLOOD. 

Bv   HERBERT  C.   WARD. 
[Frffm  thi  Laieratory  of  tht  ConnietiiM  Hospital  for  tkt  /nianf.} 

THE  following  observations  include  a  study  of  the  daily  changes 
found  in  the  peripheral  hlood  of  the  healthy  individual,  and 
confinned  by  previous  studies  of  the  blood-changes  in  dementia 
paralytica. 

Reinert  has  shown  that  in  the  early  part  of  the  day  the  number 
of  erythrocytes  (or  red  cells)  is  comparatively  high,  and  that  after 
each  meal  there  is  a  fall  which  becomes  especially  noticeable  after 
the  evening  meal.  The  curve  also  falls  gradually  during  the  afternoon  ; 
but  when  the  night  rest  begins  the  curve  slowly  rises,  reaching  the 
highest  point  at  two  o'clock  in  the  morning.  The  haemoglobin  curve 
approximates  closely  to  that  of  the  number  of  the  red  cells,  the  minor 
differences  which  appear  serving  well  to  illustrate  the  dragging  ten- 
dency of  the  h<emoglobin.  The  curve  of  the  leucocytes  rises  grad- 
ually during  the  day  up  to  6  p.m.,  falls  until  lO  p.  M.,  rises  again 
until  12  A.  M.,  and  then  falls  to  its  lowest  point  at  6  A.  H. 

In  the  present  study  four  healthy  men  were  employed.  Special 
care  was  taken  to  insure  uniform  conditions,  and  no  change  was 
made  in  the  individual's  daily  occupation  or  habits.  Complete 
records  were  kept  of  the  weight,  food,  exercise,  mental,  and  physical 
condition  of  each  subject.  The  examinations  were  made  as  follows: 
in  two  cases  the  consecutive  counts  were  carried  through  one  day; 
continued  in  two  other  cases  for  two  days  each;  and  tn  another  case 
for  three  days.  Taken  together,  the  examinations  amounted  to  nine 
days'  counting.  This  method  possesses  certain  advantages  over 
consecutive  counts  upon  one  person  only,  in  that  the  individual 
equation  becomes  eliminated  in  the  general  averages. 

It  seemed  advisable  to  precede  each  whole  day  count  by  at  least 


ibyGooglc 


Hourly   Variations  in  the  Number  of  Corpuscles.     395 

two  check  counts  made  at  the  same  hour,  usually  before  breakfast, 
and  under  identical  conditions.  For  the  whole  day  count  itself,  the 
periods  were  as  follows :  7  a.  h.,  8  a.  m.,  1 1  a.  m.,  2  p.  h.,  5  p.  M., 
8  p.  M.,  10  P.  u.,  12  P.  M.  A  single  count  was  always  taken  on  the  next 
morning  after  the  whole  day  count,  serving  as  another  check.  This 
selection  of  examination  periods  was  based  upon  Reinert's  curves,  as 
being  the  nodal  or  critical  points  of  the  blood  changes  of  each  day. 
In  the  first  examination  a  count  was  made  at  every  ho^r,  but  the 
nervousness  of  the  subject,  together  with  the  fact  that  three  persons 
were  required  to  carry  on  the  examinations,  made  it  necessary  to 
have  but  one  person  make  the  counts,  and  only  at  such  times  as 
appeared  to  be  crucial. 

Each  count  included  estimations  of  the  number  of  red  and  white 
blood-corpuscles,  determination  of  the  haemoglobin,  and  estimations 
of  the  varieties  of  the  white  blood-corpuscles.  In  the  estimations  of 
the  red  corpuscles  the  Thoma-Zeiss  instruments  were  used,  and  from 
one  to  two  thousand  cells  were  actually  counted.  Two  instruments 
(Fleischel's)  were  employed  to  record  the  haemoglobin.  In  the  qual- 
itative or  differential  work,  each  percentage  was  based  on  a  count  of 
from  ten  to  twenty-five  hundred  cells.  Two  and  three  slides  were 
used,  and  Jenner's  stain  preferred  for  the  most  part.  A  separate 
stab  was  often  made  to  secure  the  blood  for  each  of  the  pipettes  and 
for  the  haemoglobin  estimation,  thereby  helping  to  eliminate  certain 
errors  of  technique.  Where  there  seemed  to  be  any  liability  to  error, 
the  count  was  immediately  repeated. 

In  Table  I  may  be  found  the  complete  record  of  one  day's  obser- 
vations, together  with  the  check  counts  as  made  upon  a  single  case. 
It  includes  the  number  of  red  and  white  blood-corpuscles,  the  per- 
centage of  haemoglobin,  and  of  the  differential  counts.  With  this 
brief  mention  of  the  conditions  under  which  the  experiments  were 
carried  on,  we  may  now  turn  our  attention  to  the  results. 

When  we  consider  the  final  general  averages  which  arc  graphi- 
cally presented  in  Fig.  i,  we  find  not  only  daily  variations,  but  even 
hourly  changes  are  present.  The  curves  should  be  thought  of  as 
representing  only  the  surface,  as  it  were,  of  the  volume  of  the  blood. 

The  upper  curve  represents  the  variations  in  the  number  of  the  red 
cells.  In  the  morning,  the  number  of  corpuscles  stands  a  little  above 
4.900,000  per  cubic  millimetre,  hut  as  the  day  progresses  this  de- 
creases gradually  until  the  five  o'clock  period  is  reached,  when  the 
number  stands  at  4,650,000.     Here,  in  less  than  twelve  hours,  there 
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is  to  be  found  a  difference  of  250,000  cells  per  cubic  millimetre,  or 
5  per  cent  of  the  total  number.  From  the  five  o'clock  period, 
represented  by  the  lowest  point  of  the  curve,  there  follows  a  steady 
increase  culminating  about  three  o'clock  in  the  morning,  from  which 
time  the  falling  curve  of  the  next  day  apparently  begins.  The  points 
plotted  at  the  three  and  five  (a.  m.)  o'clock  periods  represent  only 
the  figures  obtained  in  one  case,  but  in  this  case  they  held  the  same 
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FiGiTRE  I. — Daily  variaitons  in  the  number  of  ted  and  white  cells  per  cubic  milUmetre, 
and  in  the  percentage  at  hxinoglobin  in  the  blood.  Curves  plotted  from  nine  series 
of  daily  counts,  of  which  one  is  given  in  I'able  I.  The  ordinates  are  hours,  beginning 
at  6  A.  M.  on  one  day,  and  ending  at  9  a.  h.  on  the  following  day, 

relative  position  in  which  they  are  here  placed.  Comparing  these 
general  changes  found  in  the  number  of  the  red  corpuscles,  with 
those  evidenced  in  the  individual  changes,  we  find  that  in  every  case 
the  same  conditions  can  be  seen  to  exist. 

The  second  curve  represents  the  haemoglobin  changes.  These 
follow  those  of  the  red  corpuscles,  step  by  step.  The  percentage 
stands  highest  in  the  morning  at  88  per  cent,  and  swings  through  a 
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difference  of  5  per  cent  to  its  lowest  point  of  83  per  cent,  in  the  late 
afternoon.  The  estimation  of  the  haemoglobin  is  more  open  to  error 
than  any  other  part  of  the  work,  and  for  this  reason  gives  the  least 
satisfaction.  Each  reading  taken  by  the  operator  varies  slightly, 
as  do  the  instruments.  The  important  fact  which  should  be  borne 
in  mind  is  that  the  relative  and  not  the  absolute  values  are  to  be 
considered. 

In  the  leucocyte  curve  there  is  present  a  rather  interesting  series 
of  changes.  These  same  general  changes  are  to  be  found  in  every 
instance  of  the  eight  days'  estimations,  and  this  evenness  of  results 
represents  therefore  Tiot  a  mean  of  large  differences,  but  a  mean  of 
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FrcLTRE  2. — Curves  nhowing  (he  daily  changes  in  the  relalive  percentages  of  ihe  poly- 
morphonuclear leucocytes  and  of  the  large  and  small  lymphocytes.  The  ordinites 
represent  hours,  btginning  at  5  a.  n.  on  one  day,  and  ending  at  9  a.  m,  the  following  day. 

remarkably  small  differences.  The  first  period  of  the  day  begins 
with  about  8,500  corpuscles  per  cubic  millimetre.  Every  successive 
period  where  there  was  an  estimation  made,  up  to  five  o'clock  (f.  m.), 
shows  that  the  number  of  cells  is  increasing.  From  then  until  the 
early  morning  hours  there  immediately  follows  a  steady  fall.  The 
number  of  corpuscles  ranges  from  8,400  to  10,000  per  cubic  milli- 
metre of  blood,  amounting  to  a  difference  of  1,600  cells,  or  about 
20  per  cent. 

Probably  the  first  thing  to  be  seen  in  comparing  the  curves  of  the 
red  and  white  cells  is  the  apparent  correlation  of  the  changes  which 
the  two  classes  undergo.     One  must  be  careful  for  obvious  reasons 
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not  to  draw  erroneous  conclusions  that  there  is  a  compensation  per 
volume.  The  same  cause  which  diminishes  the  red  corpuscles  evi- 
dently increases  the  whites,  a  conclusion  which  would  become  evident 
in  a  rather  striicing  way  if  the  curve  of  the  white  corpuscles  were 
super-imposed  upon  thai  of  the  red.  This  correlation  is  more 
apparent  where  the  extremes  of  the  blood-changes  rest. 

In  the  study  of  the  differential  counts  various  regular  changes,  sim- 
ilar to  those  just  described,  arc  found  to  occur.  Fig.  2  contains  the 
curves  of  the  polymorphonuclear  cells  and  lymphocytes  divided  into 
the  large  and  small  forms.     These  show  definite  and  radical  changes. 

The  polymorphonuclear  cells  comprise  about  70  per  cent  of  white 
cells  in  the  morning,  and  fall  off  in  percentage  very  slowly  during 
the  day,  reaching  the  lowest  point  of  58  per  cent  about  twelve  o'clock 
at  night.  Bui  from  then  until  eight  o'clock  the  next  morning  they 
rise  again  to  70  per  cent.  Mention  might  be  made  that  each  point 
of  the  curve  is  based  on  the  recognition  of  some  ten  thousand  leuco- 
cytes, i.  €.,  that  the  figures  70,  65,  etc.,  stand  for  that  per  cent  of  ten 
thousand  cells. 

The  small  lymphocytes  comprise  about  20  per  cent  of  the  white 
cells  at  the  first  periods,  and  increase  slowly,  ranging  up  to  28  per 
cent  at  12  p.  m.  Then  there  is  a  fall,  and  on  the  following  morning 
approximately  the  same  percentage  is  to  be  found.  The  large  lym- 
phocytes, constituting  only  a  small  percentage,  still  indicate  the  same 
tendency  as  the  small  lymphocytes.  They  range  from  6-9  per  cent. 
As  in  the  case  of  the  red  and  white  corpuscles,  we  find  here  a  defi- 
nite relation  between  these  two  classes  (the  polymorphonuclears 
and  the  lymphocytes).  That  which  lowers  the  percentage  of  one 
class  increases  the  percentage  of  the  other. 

The  eosinophiles  and  the  mast  cells  are  so  few  in  number  that  they 
are  of  relatively  little  importance.  In  these  observations  they  are 
present  in  about  the  same  numbers  throughout  the  day.  Table  II 
contains  the  final  averages  of  the  differential  counts. 

In  addition  to  the  estimations  of  the  varieties  which  are  usually 
included  in  the  differential  worlc,  an  attempt  was  made  to  estimate 
the  percentage  of  disintegrating  cells  of  the  polymorphonuclears, 
eosinophiles,  and  the  lymphocytes.  Every  well-stained  lilm  of  blood 
shows  these  fragmentary  cells,  and  in  all  the  estimations  they  have 
been  included.  This  attempt  to  answer  the  question  what  per  cent 
of  a  single  class  of  white  cells  are  breaking  up,  has  revealed  one  or 
two  rather  interesting  facts. 
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The  polymorphonuclear  cells  which  were  breaking  up  amounted  to 
three  per  cent.  They  were  easily  recogniied  by  the  achromatic 
condition  of  the  nucleus,  their  broken  contours,  and  by  the  size  of 
the  scattered  granules.  No  conclusions  can  be  drawn  concerning 
the  percentage  of  such  cells  as  related  to  the  daily  changes.  Four 
per  cent  of  the  eosinophiles  were  found  to  be  disintegrating,  though 
in  the  usual  single  blood-count  one  might  easily  believe  that  the 
percentage  would  be  higher,  so  easily  recognized  are  the  cells. 
Exceeding  both  the  polymorphonuclears  and  the  eosinophiles  in  the 
percentage  of  cells  breaking  up  (old  cells),  are  the  lymphocytes, 
especially  the  large  forms,  having  an  average  of  over  8  per  cent. 
This  is  a  rather  interesting  fact,  in  that  it  seems  to  show  that  of  the 
cellular  debris  which  exists  in  the  blood-plasma  at  any  one  time  at 
least  50  per  cent  comes  from  the  lymphocytes. 

In  addition  to  the  foregoing  observations,  a  few  notes  were  made 
upon  the  morphological  appearance  of  some  of  the  cells.  Only  brief 
mention  will  be  made  of  these,  since  the  facts  are,  for  the  most  part, 
already  accepted. 

It  has  been  observed  that  the  eosinophiles  commonly  possess 
bilobed  nuclei.  A  count  was  kept  of  such  cells,  and  they  were  found 
to  constitute  83  per  cent  of  the  total  number  of  eosinophiles,  the 
remaining  17  per  cent  possessing  a  trilobed  nucleus.  Special  notice 
was  taken  of  the  minute  finger-like  processes  often  observable  on 
the  lymphocytes,  especially  of  the  small  forms.  Small  lymphocytes 
which  exhibited  these  processes  amounted  to  20  per  cent.  In  this 
estimation  were  included  none  of  the  lymphocytes  already  designated 
as  breaking  up. 

In  two  days'  estimations,  the  percentage  of  lymphocytes  which 
possess  granules  was  determined  and  found  to  be  about  12  per  cent. 
There  is  room  for  questioning  the  fact  whether  these  granules  con- 
stitute any  strictly  morphological  part  of  the  cells.  A  few  mast 
cells  were  found  which  possessed  granules  approaching  in  size  those 
of  the  polymorphonuclear  cells,  and  suggesting  a  transitional  stage 
between  the  polymorphonuclear  and  the  mast  cells.  Not  a  single 
myelocyte  was  seen,  and  only  seven  normoblasts  during  the  recog- 
nition of  over  80,000  leucocytes. 

A  series  of  hourly  counts  was  made  in  a  typical  case  of  dementia 
paralytica,  and  the  observations,  which  lasted  through  two  days,  con- 
firmed in  nearly  every  point  the  hourly  variations  as  found  in  the 
present  charts.     In  addition,  a  careful  analysis  nf  some  four  hundred 
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systematic  blood-counta  made  upon  individuals  suffering  from  this 
same  disease  also  confirmed  the  general  facts  of  the  preceding  obser- 
vations, for  in  one  hundred  and  eighty-five  morning  counts  the 
average  number  of  red  cells  was  high,  — ■  five  million  ;  in  one  hundred 
and  fifty  afternoon  counts  the  average  number  of  red  cells  was  low, 
four  million  seven  hundred  thousand.  In  the  case  of  the  white 
cells  the  average  morning  count  amounted  to  seven  thousand  two 
hundred  cells,  with  eight  thousand  for  the  afternoon.  The  hiemo- 
giobin  and  the  quantitative  changes  of  the  differential  counts  pre- 
sented in  the  same  way  confirmatory  results. 

General  Summary. 

The  study  of  the  daily  changes  which  take  place  in  the  blood-con- 
tent of  a  normal  person  yields  these  main  points: 

The  red  corpuscles  of  the  peripheral  circulation  do  not  remain 
constant  in  number  per  cubic  millimetre,  but  fluctuate  through 
a  range  of  5  per  cent.  Uniform  daily  changes  take  place  in  defi- 
nite periods  which  are  determined  by  the  meal  times  and  occupation 
of  each  individual.  In  the  morning  the  number  is  relatively  high, 
while  near  the  end  of  the  afternoon  it  is  low.  On  the  following 
morning  the  number  of  corpuscles  is  found  again  to  be  high. 

The  haemoglobin  varies  directly  with  the  number  of  red  blood- 
corpuscles,  and  shows  the  same  series  of  daily  changes. 

The  white  corpuscles,  as  found  in  the  peripheral  blood,  vary  in  num- 
ber per  cubic  millimetre  only  to  a  small  extent,  the  range  being  about 
three  thousand  cells,  or  20  per  cent.  They  are  lowest  in  the 
morning  and  highest  about  five  o'clock  in  the  afternoon.  During  the 
night,  there  occurs  a  steady  falling  olT  in  number,  until  the  normal 
mean  of  the  morning  is  again  reached.  With  the,exception  of  the 
last,  they  increase  after  each  meal. 

The  differential  study  shows  a  diminution  of  the  per  cent  of  poly- 
morphonuclear leucocytes  and  a  corresponding  increase  of  the  lym- 
phocytes. There  is  an  absolute  increase  of  lymphocytes,  and  but 
liille  change  in  the  number  of  the  polymorphonuclear  cells.  The 
eosinophiles  and  the  mast  cells  do  not  exhibit  any  special  changes. 
The  lymphocytes  continue  in  absolutely  increased  numbers  for  six 
hours  after  the  leucocytosis  has  reached  its  highest  point. 

The  varieties  of  white  corpuscles  have  different  periods  of  existence 
in  the  blood,  and  contribute  to  the  cellular  debris  of  the  plasma  in 
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proportions  which  do  not  correspond  to  their  relative  percentages. 
The  polymorphonuclear  cells  contribute  about  49  per  cent,  the 
eosinophiles  less  than  1  per  cent,  and  the  lymphocytes  50  per  cent.^ 

The  nucleated  red  cells  and  myelocytes  are  strangers  to  normal 
blood.  Small  lymphocytes  which  possess  well-defined  processes, 
sometimes  designated  as  "  buds,"  amount  to  about  20  per  cent  of 
the  class. 

Inasmuch  as  these  facts  appear  to  have  been  fairly  well  established 
by  additional  investigations,  we  feel  safe  in  saying  that  the  blood  of 
the  healthy  individual  passes  through  a  series  of  daily  changes. 
The  periods  of  the  day  represent  a  time  of  expenditure  of  energy 
during  which  there  is  present  a  fatigue  curve,  which  rises  gradually, 
and  after  which  the  hours  of  sleep  represent  a  period  of  recovery. 

'  In  this  journal,  1900,  iii,  p.  83,  Matthkws,  in  atud)-ing  the  origin  of  the 
fibrinogen  of  the  blood,  concludes  that,  "  The  facts  (decrease  of  fibrinogen  ivitii 
extirpation  of  the  intestines;  increase  of  fibrinogen  with  artificially  prolonged 
leucocytosis;  leucocytes  are  going  to  pieces  in  the  body;  etc.)  .  .  .  point  to  the 
leucocytes  of  the  blood,  and  chiefly  those  of  the  intestinal  area,  as  being  the  source 
of  the  fibrinogen  of  the  blood." 


ibyGooglc 


DO  THE  MUCOIDS  COMBINE  WITH  OTHER  PROTEIDS? 
Bv  E.  R.  POSNER  and  WILLIAM  J.  GIES. 

[From  tit  Labotatary  ef  Pkyiialiigical  Chimiilry  ef  Celitmhia  Univenity,  at  tUt  CelUgi 
of  Pkyiiciani  and  Siirgtoni,  Nivi   York\ 

CONTENTS. 

Itiiroduction 4CH 

General  methods  of  Ihe  experiments 406 

Precipitation  eKperimtnls 407 

With  gelatine  (I-VII) 407 

With  proteoies  (VIII-X) 410 

WithmuKleproteids  (XI-XV) 413 

With  tendon  proteids  (XVI) 416 

With  serum  proteids{XVH-XlX) 416 

With  egg  albumen  (XX-XXIX) 418 

With  glyc^en  (XXX) 425 

Nitrogen  content  of  proceid-mucoid  precipitates  (XXXI-XXXIII) 427 

Genera]  properties  of  the  proteid-mjcoid  precipitates 42S 


Summary  of  general  conclusions 134 

I.  Introduction. 

THE  mucoids  are  substances  whose  molecules  contain  glucothionic 
acid  radicles.  At  present  we  know  nothing  regarding  the  man- 
ner in  which  these  radicles  are  held  in  the  molecule,  and  we  understand 
very  little  about  their  relation  to  the  molecular  groups  with  which  they 
are  associated.  We  are  justified,  perhaps,  in  assuming  that  the  glu- 
cothionic acid  radicles  in  the  mucoids  are,  in  part  at  least,  of  the 
nature  of  side  chains,  and  that  these  acid  groups  are  able  to  com- 
bine with  other  radicles  without  severing  their  attachments  to  the 
molecular  nucleus. 

This  assumption  seems  to  be  supported  by  the  following  well- 
known  facts  :  Alkaline  extracts  of  connective  tissues  yield,  on  acidi- 
fication, a  precipitated  mass  consisting  chiefly  of  mucoid.  After 
thoroughly  washing  away  the  acid  used  to  precipitate  it,  and  after 
its  complete  purification,  mucoid  is  found  to  manifest  marked  acid 
properties.    The  moist  solid  substance  will  turn  blue  litmus  paper  red, 
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and  it  will  dissolve  in,  and  neutralize,  dilute  solutions  of  the  caustic 
alkalies  and  alkaline  salts. 

This  compound  proteid  does  not  exist  in  the  tissues  in  the  "  free  " 
state,  but  chiefJy,  perhaps  wholly,  in  the  form  of  complex  neutral 
compounds,  such,  for  example,  as  may  be-  made  when  freshly  pre- 
cipitated mucoid  (acid)  is  dissolved  in  an  equimolar  solution  of 
sodium  carbonate  (alkaline)  to  a  neutral,  viscid,  mucous  fluid.' 

The  glucothionic  acids  obtainable  from  the  mucoids  have  the  prop- 
erty of  combining  with  proteids  when  their  salts  are  dissolved  with 
the  latter  and  the  mixtures  are  acidified.^  The  products  precipitated 
in  this  way  are  very  similar  to  typical  tissue  mucoids.  In  alt  prob-- 
ability  the  various  mucoids  are  products  which  differ  mainly  in  the 
characters  and  proportions,  and  in  the  nature  of  the  unions,  of  their 
constituent  proteid  and  glucothionic  acid  radicles. 

Since  mucoids  are  acid  substances  because  of  the  glucothionic  acid 
radicles  in  them,  and  since  these  glucothionic  acid  groups  unite  with 
proteids  when  their  salts  are  treated  with  the  latter  in  acidified  mix- 
tures, it  seems  possible  that  mucoids  themselves  might  unite  with 
more  proteid,  if  representatives  of  these  two  groups  of  substances 
were  brought  together  in  solution  under  favorable  conditions  of 
acidity.  This  statement  suggests  that  the  mucoids  have  varying 
combining  powers  under  different  conditions,  that  they  may  be 
similar  in  a  way  to  unsaturated  compounds,  and  that  the  amount 
of  proteid  with  which  their  acid  radicles  or  side  chains  may  unite  is 
variable  and  might  be  increased  beyond  that  in  the  mucoids  as  they 
occur  in  the  tissues.  This  research  was  undertaken  to  test  these 
and  the  above  deductions. 

That  the  mucoids  are  variable  in  composition,  even  in  the  same 
tissue,  was  shorfn  conclusively  in  a  former  research  in  this  laboratory," 
That  this  variability  consists,  in  part  at  least,  in  fluctuations  of  the 
proportions  of  proteid  and  glucothionic  acid  radicles,  was  also  demon* 
strated  at  the  same  time. 

In  the  studies  described  on  the  following  pages  we  have  found,  as 

'  It  is  possible  ihat  in  diseases  of  the  connective  tissues  such  compounds  are 
greatly  modified  or  perhaps  are  broken  up  and  the  mucoid  itself  precipitated.  See 
discussion  on  page  434. 

'  POSNER  and  GiES  :  This  journal,  1904,  xi,  341. 

*  Cutter  and  Gies:  Proceedings  of  the  American  Physiological  Society.  1899; 
This  journal,  1900,  iii,  p.  vi ;  1901,  vi,  p,  1  jf.  Also  Gies  and  Collaboratohs  ; 
Biochemical  researches,  1903,  i,  Reprint  No.  5. 
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was  suspected,  that,  when  neutral  or  alkaline  mucoid  solutions  are 
mixed  with  neutral  or  alkaline  solutions  of  various  common  proteids, 
and  such  mixed  solutions  are  acidified,  a  heavy  precipitate  is  formed. 
This  precipitate  may  be  several  times  as  bulky  and  as  heavy  as  the 
mucoid  separable  on  acidification  in  control  tests  in  the  absence  of 
the  proteid  referred  to.  In  short,  the  glucothionic  acid  side  chain  of 
the  mucoid  appears  to  be  able  (like  the  glucothionic  acid  radicle  in 
simple  salts  of  the  substance)  to  unite  the  mucoid  with  any  one  of 
various  proteids  to  form  insoluble  compounds,  when  the  two  are 
treated,  in  neutral  or  alkaline  solution,  with  acid  in  excess. 

This  general  fact  may  be  demonstrated  very  readily  in  the  following 
simple  manner:  Treat  a  neutral  gelatine  (or  other  proteid)  solution 
with  a  faintly  acid,  opalescent,  mucoid  solution.  On  the  instant  of 
contact,  a  bulky  flocculent  precipitate  will  be  thrown  down.  The 
same  or  any  other  amount  of  acid  alone  will  have  no  perceptible 
effect  on  the  gelatine,  and  the  neutral  or  alkaline  fluid  containing  the 
latter  will  be  without  precipitative  influence  on  a  neutral  or  alkaline 
mucoid  solution.  The  weight  of  the  precipitate  formed  in  this  way 
exceeds  that  of  the  mucoid. 

The  details  of  our  quantitative  work  in  this  connection  are  given 
below.i 

General  Methods  of  the  Experiments. 

Muooid,  — Tendomucoid,  from  the  Achilles  tendon  of  the  ox,  was 
employed  in  all  the  experiments.  The  methods  of  preparation  were 
those  of  Cutter  and  Gies.'  Some  of  the  material  was  prepared  just 
before  use.  Most  of  the  samples  had  been  obtained  some  time  before 
they  were  needed.  These  were  preserved  in  dilute  alcohol  (10-20 
per  cent)  until  used.  The  solid  substance  of  these  preparations  was 
then  freed  from  nearly  all  the  alcohol  by  washing  in  water  or  pressing 
between  filter  papers. 

BoluttoM.  —  Alkaline  solution  of  mucoid  was  freshly  prepared  for 
each  series  of  precipitations.  The  substance  was  dissolved  in  a 
solution  of  sodium  carbonate,  calcium  hydroxide,  or  potassium  hy- 
droxide. The  alkalinity  of  the  solution  was  always  relatively  slight. 
The  proteids  to  be  associated  with  the  mucoid  were  almost  always 
dissolved  in  water. 

*  These  experiments  were  begun  by  us  in  1902. 
s  Cutter  and  Gies  :  Loc.  cit. 
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Praolpltationa. —  The  mucoid  and  secondary  proteid  solutions  were 
united  in  varying  proportions.  The  total  volumes  were  the  same  in 
each  series.  Equal  amounts  of  acid,  usually  hydrochloric  acid  (0.2 
or  0.8  per  cent),  were  added  simultaneously  to  each  member  of  the 
series  of  mixed  solutions,  and  the  precipitation-effects  noted.  The 
proper  control  experiments  were  made  in  each  series.  The  precipi- 
tations were  made  in  small  beakers  of  equa)  size,  so  that  the  bulk  of 
the  precipitates  could  be  directly  compared. 

Final  prodacta.  —  The  precipitates  obtained  on  acidification  were 
eventually  filtered  off,  thoroughly  washed  with  water  until  the  wash- 
ings were  free  from  soluble  substance  yielding  the  biuret  reaction,^ 
and  then  were  dried  to  constant  weight  at  1 10°  C.  These  weights 
are  recorded  in  all  the  summaries  below. 

AnaljrBSB.  —  Nitrogen  was  determined  with  the  Kjeldahl-Gunning 
method  ;  ash,  by  cautious  incineration  in  porcelain  crucibles.  Coag- 
ulable  proteid  was  estimated  by  boiling  the  neutral  solution  and  acidi- 
fying suf^ciently  with  dilute  acetic  acid. 

Special  mathoda.  —  Details  of  Special  methods  are  given  in  their 
appropriate  places  in  the  appended  summaries. 

Precipitation  Experiments. 

^rith  golattno,^ —  I,  The  mucoid  was  freshly  prepared.  We  used 
the  precipitate  obtained  from  a  third  limewater  extract.'  The  sub- 
stance was  dissolved  in  a  moderate  excess  of  ai  per  cent  potassium 
hydroxide.  An  aqueous,  i  per  cent  solution  of  gelatine  was  em- 
ployed.    The  essential  data  of  this  experiment  are  given  in  Table  1. 

II.  In  this  experiment  we  used  mucoid  of  the  first  extract.  Half- 
saturated  limewater  was  taken  to  dissolve  it.  The  gelatine  was  in  2 
per  cent  solution. 

The  plan  of  the  experiment  was  the  same  as  that  indicated  in 
Table  I.  The  volumes  differed.  They  were:  gelatine,  80  c.c.  in  the 
control  (i),  10  c.c,  40  cc,  and  80  c.c.  in  mixtures  3-5;  mucoid,  50 
c.c.  in  2-5.  Half-saturated  limewater  was  used  in  i  instead  of  water. 
The  total  volumes  were  i^o  c.c. 

>  Washing  was  done  by  decantation.  or  the  precipitates  were  stirred  in  fresh 
quantities  of  water  on  the  funnel  during  the  filtration  process.  That  these  pro- 
cedures sufficed  to  remove  any  secondary  proteid  held  mechanically  in  the  pre- 
cipitates was  evident  from  the  fact  that  (he  precipitates,  such  as  albumen- mucoid, 
when  dissolved  in  dilute  alkali  until  the  solution  was  neutral  ii 
become  turbid  or  opalescent  on  bailing. 

'  Fkekcht  "gold  label." 

'  See  Cutter  and  Gies  :  Loc.  cit. 
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TABLE  I. 
Gblati HE- Mucoid  Pkecipitates. 


Controls. 

MlXTirRES.1 

Solutions. 

Gelatine. 

Mucoid. 

Gclatine-mucoid, 

1 

2 

3 

4 

S 

" 

Wattr 

25 

75 

6S 

45 

Total  volume      .    . 

100 

lOD 

100 

100 

100 

Influbmce  o*  Hydrochloric  Acid. 

Addilion* 

0.8%  HCI. 

I 

°t 

Cleat 

Increasing  tu 

bidily  from  2  to  5. 

II 

2 

Clear 

Milky 

Increasing   precipitates  from 
Further   increase   in   precipi- 

III 

2 

Clear 

Milky 

IV 

2 

Clear' 

Precipitate* 

No  further  increase  in  precipi- 

00 

osZi 

OMSO         a4707         OA^ 

■  All  of  ihe  D.>>ilur«  were  cleir. 

'  The  precipilales  were  (airly  heavy;  iirecipitation  was  incomplete. 
'  The  precipitate  in  5  settled  through  a  clear  fluid;  the  supernatant  fluid  in  each 
of  3  and  4  was  milky.    The  milkiness  was  more  decided  in  3  ihan  in  4.    The  precip- 

itates were  somewhat  gelatinous. 
'  Add  had  no  perceptible  influence. 
'  On  standing  over  night  the  supernatant  fluid  became  clear. 

*  All  of  the  precipitates  were  left  standing  over  night.     They  showed  a  staircase 
effect,  rising  from  2  to  S. 

byGoogle 


Do  the  Mucoids  Combine  with  Other  Proteids  ?     409 

The  acid,  0.8  per  cent  hydrochloric,  was  added,  from  2  :  30-5 :  35  p.m., 
in  quantities  of  2  c.c.  The  results  were  practically  the  same  as  be- 
fore, except  that  10  c.c.  of  the  acid  were  necessary  to  develop  them 
fully.  This  increase  was  required  by  the  larger  total  volumes.  The 
{gelatinous  effects  in  4  and  5  were  even  more  marked  than  before. 
Portions  of  the  precipitates  in  4  and  5  had  redissolved,  or  become 
more  finely  divided,  and  it  was  impossible  to  filter  these  mixtures. 

The  following  weights  were  taken : 

Contn^.  Gelatine-Mucoid  Precipitate, 

1.  Gelatine.  2.  Mucoid.  3. 

00  00973  gm.  ai6Sl  gDi' 

III.  Mixed  mucoid  was  used  in  this  experiment.  It  was  dissolved 
in  0.5  per  cent  sodiun  carbonate.  A  fairly  dilute  gelatine  solution 
was  used.  The  plan  of  the  experiment  was  the  same  as  that  indi- 
cated in  Table  I.  The  volumes  were  also  the  same.  The  acid  taken 
for  the  precipitations  was  0.2  per  cent  hydrochloric,  which  was  added 
in  volumes  of  5  c.c. 

We  obtained  essentially  the  same  effects  as  those  recorded  in  Table 
I,  although  greater  volumes  of  acid  had  to  be  employed  to  show  maxi- 
mum results.  The  first  flocculent  precipitate  was  obtained  in  3.  The 
precipitates  in  4  and  j  were  too  gelatinous  for  gravimetric  treatment 
in  the  time  at  our  disposal.  The  precipitates  from  2-5  showed  a 
staircase  effect  (rising  frOm  2  to  5),  which  was  even  more  marked 
than  in  the  first  two  experiments. 

The  weights  obtained  were  as  follows  : 

Control).  Gelaiine-Mucoid  Precipitate. 

1.  Gelatine.  2.  Mucoid.  3. 

0.0  0.144Zgm.  ai602sm. 

IV.  All  conditions  of  the  last  experiment  were  duplicated  except 
the  strength  of  the  mucoid  and  gelatine  solutions.  A  dilute  solution 
of  the  former  was  used;  the  latter  was  a  2.5  per  cent  solution.  The 
results  were  qualitatively  about  the  same  as  before.  Precipitate  5 
was  again  too  gelatinous  for  successful  gravimetric  treatment.  The 
following  quantitative  data  were  obtained: 

Controls.  Gelatine-Mucoid  Precipitates. 

1,  Gelatine.  2.  Mucoid.  3.  4. 

0.0  0.H62  gm.  0.1676  gm.  a2096  gm. 

V.  The  first  experiment  was  duplicated  in  all  respects  until  the 
precipitate  in  5  seemed  to  be  complete.    The  usual  qualitative  results 
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were  noted.  When  5  was  completely  precipitated,  2,  the  mucoid  con- 
trol, was  still  milky  and  had  not  become  flocculent;  3  and  4  seemed 
to  be  completely  flocculent.  In  order  to  compare  precipitates  3-5 
with  the  mucoid  in  each,  2  was  further  treated  with  4  c.c.  of  0.8 
per  cent  hydrochloric  actd  to  effect  its  complete  precipitation.  The 
following  gravimetric  data  were  obtained  : 

Conttola.  G  eta  line- Mucoid  Precipitates. 

I.  GelalLne.  1.  Mucoid.  3.  4.  5. 

0,0  0.282Sgm.  0.3419  gm.  ft4751  gm.  06863  gro. 

VI,  Experiment  V  was  repealed,  but  the  additions  were  carried 
forward  simultaneously  until  2  had  been  completely  precipitated.  The 
results  noted  in  the  first  experiment  were  duplicated  here,  except 
that  the  precipitate  in  3  was  much  less  gelatinous  in  appearance  than 
before.     The  weights  are  given  below: 

Controls.  Gelatine-Mucoid  Precipilales. 

1.  Gelatine.  2.  Mucoid.  3.  4.  5. 

OO  0.2626  gm.  0.3306  gm.  0.4401  gm.  06167  gm. 

VII.  All  the  conditions  of  the  first  experiment  were  duplicated 
except  the  strength  of  the  gelatine  solution,  which,  in  this  case,  was 
only  0.1  per  cent.  Only  the  initial  effect  of  acid  was  determined. 
On  adding  2  c.c.  of  0.8  per  cent  hydrochloric  acid  to  each  of  the  five 
mixtures,  the  following  results  were  noted  : 


Gelatine  Control.   Mucoid  Control.  Gelaline-Mucoid.   Gel  a  line- Mucoid,  Gelaline-Mucoid. 
No  effect.  Opalescence.  Deep  Slight  Heavy 

milkinesa.  precipitate.  precipitate. 

Additional  results  with  gelatine  are  Indicated  in  Experiment 
XXXI.  In  that  experiment  the  nitrogen  content  t>f  the  various 
precipitates  was  determined. 

^ith  proteose*  (Witte'»  "peptone").  —  VIII,  Mixed  mucoid  was 
taken.  It  was  dissolved  in  0.5  per  cent  sodium  carbonate  solution. 
Witte's  "  peptone  "  was  dissolved  in  water  and  the  clear  filtrate 
taken.     The  essential  data  of  this  experiment  arc  given  in  Table  II. 

IX.  The  eighth  experiment  was  repeated.  All  conditions  were 
essentially  the  same,  except  that  the  proteose  solution  (3  per  cent)  in 
water  was  neutralized  before  it  was  filtered. 

The  precipitative  effects  were  much  the  same.  On  adding  the  first 
5  c.c.  of  0.2  per  cent  hydrochloric  acid,  all  of  the  mixtures  became 
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TAIiLE  II  (First  Part). 
Proteose-Mucoid  Pbecipitates. 


CoNTBOt.S. 

Mixtures.' 

SOLUTIOWS. 

Witte's 

"pep'one" 

1 

2 

3 

4 

5 

Witte'B"peptone"     .    .    . 

7S 
25 

25 

75 

10 

25 
65 

30 

2i! 
45 

78 
25 

Total  volume ....      1        100 

100 

100 

100 

100 

lNKHIE.>iCE   at    HVDROCHUJKtC   ACID. 

Addition.' 

0.2%  IICI. 

I 
11 

IV 
V 

25'» 
S 

25' 
IS" 
30" 

Slight 
precipitate" 

Unchanged 

Unchanged 
Unchanged 

Unchanged 

Miller 
Slight 

Unchanged 
Unchanged 

Further  increase  in  precipi- 

Further  increase  in  precipi- 

latea  4  and  S.» 
Further  increase  in  precipi- 

No  further  increase  in  any 
except  5." 

'  1, 3.  4.  and  S  were  turbid.    The  lurbidiiy  was  moic  decided  in  1,  than  in  any 

1  All  additions  vere  made  in  5  c.c.  volume*  at  Interval*  of  at  least  five  minutes. 

•  The  additions  were  made  at  intervaU  of  five  minutes,  from  V55  to  5.15  P.M. 

•  llie  proteose  solution  had  not  been  previously  neutralized. 

•  The  first  precipitation  of  the  series  occurred  in  S. 

■  The  supernatant  fluids  showed  increa^iig  milkiness  from  3  to  5. 
I  One  volume  had  been  added  at  9.10  F.M.,  Ihe  remaining  portions  at  3.45-4.00  p.m. 
on  the  following  day. 

'  Precipitation  was  complete  after  Ihe  addition  of  10  c.c. 

•  The  usual  staircase  effect  was  obserred. 
">  Added  at  6  to  6.15  p.  m. 

"  No  perceptible  effects  on  3  and  4. 

•*  One  half  added  at  10  a.  m.  on  (he  third  day,  the  other  half  at  10  a.  m.  on  the 
fourth  day. 

1)  Precipitation  in  S  was  complete  after  the  addition  of  ZO  c.c. 
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TABLE  11    (Second   Pakt). 


WBIGKTS   or   PUBCiriTATES.l 

CONT»OLS. 

Mixtures. 

Witte's  __ 

Mucoid. 

Wilte'a  "  peptone  "-mucoid. 

I 

2 

3                4. 

S 

Weights  obtained .     ,     .     . 
ProtecMc  >s  per  control 
Pcoteose-tnucoid    .... 

0.0513 

orWT 

0?577 
0.0068 
0.1108 

0JM6 
0020* 
0.1638 

>  The  siaircue  efiect  wu  inconspkuoiu  24  hours  aftar  piectpitation. 
*  Frecipiute  5  could  noi  be  ihoroughly  washed. 

turbid.  Later  additions  reduced  the  turbidity  in  1,  and  gave  floccu- 
lent  precipitates  in  3-5  before  flakes  appeared  in  2.  Acid  was  added 
until  precipitation  in  2  was  complete,^  with  results  like  those  previ- 
ously recorded.     The  following  quantitative  data  were  obtained  ; 


Controls. 
1.  Proteose.  2.  Mucoid. 

0.0027  gm.  a0517  gm. 


Proteose- Mucoid  Precipitates.* 
4.  S. 

tem.  0.1165  gm.  ai494gni. 


X.  Experiment  VIII  was  again  repeated.  Former  conditions 
were  duplicated,  except  that  mucoid  of  a  fourth  extract  was  dissolved 
in  0.1  per  cent  potassium  hydroxide,  and  all  of  the  proteose  was 
combined  with  hydrochloric  acid  before  it  was  used  in  the  mixtures. 
350  c.c.  of  a  3  per  cent  aqueous  mixture  of  Witte's  "  peptone  "  were 
treated  with  0.8  per  cent  hydrochloric  acid  until  only  a  trace  of  free 
acid  could  be  detected  with  tropawlin  00.  The  clear  filtrate  was  used 
to  make  up  mixtures  similar  to  those  indicated  in  Table  II. 

On  making  up  5  a  flocculent  precipitate  was  formed,  due,  evidently, 
to  the  effect  of  the  combined  acid  in  the  proteose  solution. 

The  prccipitative  effects  on  adding  acid  were  relatively  the  same  as 
before,  except  that  the  proteose  control,  (1),  failed  to  yield  a  precipitate, 

>  In  this  experiment  90  c.c.  sufficed.    In  the  rormeT  proteid  100  c.c.  were  taken. 
<  Corrections,  on  the  basis  of  the  result  in  the  proteose  control,  were  made  od 
3,  4,  and  5  for  the  quantity  of  proteose  precipitated  in  them  by  the  acid. 
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At  first,  3,  4,  and  5  were  completely  precipitated,  while  2  remained 
milky.  Acidification  was  carried  forward  to  complete  precipitation 
in  2-5,  with  the  following  gravimetric  results : 

Conlrols.  Proteose- Mucoid  Precipilatei. 

1.  ProteoM.  Z.  Mucoid.  3.  4.  S. 

0.0  a4110em.  a4260gm,  0.4386  gtn.  04571  gm. 

With  moacle  protolds.  —  XI,  The  mucoid  was  obtained  from  a 
fourth  tendon  extract,  and  was  dissolved  in  0-5  per  cent  potassium 
hydroxide.  A  concentrated  aqueous  extract  of  fresh  beef  was 
used.  The  essential  facts  of  this  experiment  may  be  noted  in 
Table  III. 

XII.  Experiment  XI  was  repeated.  The  aqueous  extract  of  the 
hashed  meat  was  made  at  40°  C.  The  mucoid  was  obtained  from  a 
a  second  tendon  extract.  Otherwise  all  conditions  were  identical. 
Essentially  the  same  results  were  noted  as  before.  Precipitation  oc- 
curred in  the  same  order.  Precipitate  2  was  snow-white,  5  was 
brown,  3  and  4  were  intermediate  in  color.  All  the  mucoid  filtrates 
except  5  were  colorless.'  Filtrate  5  retained  a  slight  reddish  tinge. 
On  washing  the  precipitates,  the  color  was  not  discharged,  6  c,c. 
of  the  acid  sufliced  to  precipitate  completely  the  mucoid  jn  2.  An 
additional  volume  (2  c.c.)  was  added  to  each  beaker  to  produce 
moderately  excessive  acidity.     The  following  weights  were  obtained  ; 

Conlrolt.  Muscle  Proteid-Mucoid  Precipitates. 

1.  Meat  Extract  2.  Mucoid.  3.  4.  S. 

0.0*  0.4648  gm.  0.6272  gm.        0.8819 gtn.         1.1419  gm. 

XIII.  Experiment  XI  was  again  repeated.  All  conditions  were 
the  same,  except  that  the  mucoid  was  obtained  from  the  first  tendon 
extract.  12  c,c.  of  the  acid  gave  complete  precipitation  of  the  mucoid 
control.  An  excess  of  25  c.c.  of  0.8  per  cent  hydrochloric  acid  was 
added  to  each  beaker,  and  the  mixtures  allowed  to  stand.     The 

•  No  auch  decoloriiation  Is  effected  when  a  mMCQ\A  precipitate  is  transferred  to 
a  watery  extract  of  meat  and  thoroughly  stirred  in  the  latter.  Our  results  in  this 
coDneclion  appear  to  be  due  to  a  direct  union  between  the  mucoid  and  the  proteid 
coloring  matter. 

*  The  slight  precipitate  in  the  meat-extract  control  dissolved  on  washing  as  it 
did  in  the  previous  experiment.  In  this  experiment  we  made  no  attempt  to 
recover  it. 
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TABLE  in. 
Muscle  Pkotrid-Mucoid  Precipitates. 


Controls. 

MlXTOBES.1 

SoLitriciNS. 

Muscle 

Mucoid. 

Muscle  proteid  mucoid. 

1 

Z 

3 

4 

s 

Mjsde  extract    .    .                 75 

Mucoid 

Water 25 

25 
75 

id 

25 
65 

W 

25 
45 

7B 
25 

Total  volume       .    |           100 

100 

100 

100 

100 

Influence  of  Hydkochlorcc  Actd.                                     | 

Addition." 

0.8%  HC1. 

Relative  effects  of  simultaneous  treatment. 

I 

II 
III 
IV 
V 

'a' 

2 

z 

2 
2 

Precipitate  ■ 

Precipitate 
diminishing* 
Precipitate 
almost  gone 
Turbid 

Less  turbid 

No  effect,  2-5 

No  effect,  2-4                                      Turbid. 

Milky                Increasing  precipitates,  3-S.' 

Precipitate       Further   increase   in  precipi- 
tates, 3-5.' 
No  change,  2^5.' 

Weights  of  Frecipitatks.*                                             1 

O-OzT?*               0^7 

04983  !• 

o-mg 

1.0399 

'  All  of  (he  mixtures  were  clear.    3,  4,  and  S  were  bloody. 

"  The  additions  were  made  at  varying  intervals  on  the  same  afternoon. 

»  Globulin  {.'). 

•  As  the  precipitate  diminished,  the  solution  took  on  its  original  appearance. 
'  Under  reddish  milky  fluids. 

•  The  precipitate  settled  out  rapidly  under  eolorless  vaUir-cltar  fluuh.    The  hzmo- 
globin  in  the  original  solutions  was  held  by  the  precipitates.    See  footnote  1,  page  413. 

'  The  excess  of  acid  failed  to  dissolve  the  precipitates,  whereas  in  the  control  (1), 
further  solution  occurred. 

<  The  precipitates  showed  a  striking  staircase  effect,  rising  rapidly  from  Z  to  S. 

■  The  slight  precipitate  in  2  dissatvfdoa  washing  it  with  water,  but  the  vrasbings 
gave  a  precipitate  on  mixing  with  the  original  filtrate.    This  p.ccipiiaie  was  collected 
and  dried  without  washing.     Its  weight  is  given  as  that  for  the  muscle^ilract  con- 
trol, but  no  deductions  are  made  on  its  account  from  the  figures  for  precipitates  2-S. 
">  Precipitates  3-5  retained  their  bloody  color  throughout  the  entire  washing  process. 
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various  filtrates  were  colorless,  and  the  usual  staircase  appearance 
of  the  precipitates  was  noted.     The  following  data  were  obtained  : 

Controls.  Muscle  ProieJd- Mucoid  Precipitates. 

I.  Meal  Extract.    2.  Mucoid.  ■      3.  4.  S, 

Diy  mittaHct    0.0045  gm.'         0.5181  gm.  0.S726  gm.        0.6717  gm.        0.8U8  gm. 

At*      ...     0.0009  "  0.0013  ■'  00014  "  0.0068  "  0.0141  " 

XIV.  In  this  experiment  muscle  alkali  albuminate  was  used.  Fresh 
beef  was  extracted  over  night  in  o.l  per  cent  potassium  hydroxide. 
The  filtrate  was  neutralized  with  ai  per  cent  hydrochloric  acid.  The 
solid  albuminate  was  redissolved  in  o.i  per  cent  potassium  hydrox- 
ide. Mixed  mucoid  was  also  dissolved  in  that  strength  of  caustic 
potash.  All  other  conditions  were  the  same  as  in  Experiment  XI, 
except  that  40  c.c.  of  the  albuminate  solution,  instead  of  30,  were  used 
in  4,  with  the  corresponding  change  in  the  complemental  volume  of 
water. 

On  adding  2  c.c,  of  0.8  per  cent  hydrochloric  acid,  a  flocculent  pre- 
cipitate formed  in  i,  there  were  turbidities  in  2  and  3,  no  effect  in  4 
and  5.  A  second  addition  of  2  c.c.  of  the  acid  caused  complete  solu- 
tion of  precipitate  i,  and  heavy  flocculent  precipitations  in  2-5.  A 
further  addition  of  2  c.c,  of  the  acid  seemed  to  be  without  effect. 
On  standing  over  night,  the  precipitates  showed  the  usual  staircase 
effect.     The  following  weights  were  obtained  : 

Contiols.  Albuminate- Mucoid  Prscipiiates. 

1.  Albuminate.  2.  Mucoid.  3.  4.  5. 

0.0  0.1794  gm.  02310  gm.        0.3086  gm.  0.430S  gm. 

XV.  Muscle  acidalbumin  was  used  in  this  experiment.  It  was 
made  with  o.i  per  cent  hydrochloric  acid,  and  precipitated  with  o.i 
per  cent  potassium  hydroxide.  It  was  redissolved  in  the  latter  solu- 
tion. All  other  conditions  were  the  same  as  those  in  the  preceding 
experiment.  The  precipitative  results  were  essentially  the  same. 
The  acidalbumin  precipitates,  however,  were  somewhat  gelatinous 
and  viscid,  and  so  difficult  to  wash  and  filter  that  only  the  following 
weights  could  be  obtained  : 

Acidalbumin-Mucoid  PrecJpitale. 

3. 

0.2375  gm. 

Experiment  XXXII  gives  further  qualitative  and  quantitative  data 
n  connection  with  muscle  proteids. 

'  This  precipitate  wu  dried  without  washing.     See  footnote  2,  page  413, 


Coi 

ilrots. 

2.  Mu. 

coid 

00 

0-1883 

gm. 
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Control.. 

1.  Tendon  Extracc' 

Z.  Mucoid. 

00 

0.25%  gm. 
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'Witb  tandon  proMtds.  —  XVI.  Experiment  XI  was  repeated  in 
all  respects,  except  that  a  concentrated  aqueous  tendon  extract  was 
taken  and  the  mucoid,  from  a  third  extract  of  tendon,  was  dissolved 
in  0.1  per  cent  potassium  hydroxide.  The  tendon  extract  contained 
only  minute  traces  of  hemoglobin.  Hssentially  the  same  precipitattve 
effects  were  seen  as  those  recorded  in  Table  III.  The  following 
weights  were  obtained : 

Tendon  Eitnct- Mucoid  Preciprtaie*. 

3.  4.  S. 

0.2948  gm,  0.324S  gm.         0JIS9  gm.» 

Wltb  aerum  protsida,  —  XVII.  The  mucoid  had  been  prepared 
from  a  second  tendon  extract,  and  was  dissolved  in  o.  i  per  cent  potas> 
sium  hydroxide.  Ox  serum,  which  had  been  preserved  in  a  dry  con- 
dition, was  dissolved  in  an  0.5  per  cent  solution  of  sodium  chloride. 
The  more  important  facts  of  the  experiment  are  given  in  Table  IV. 

XVIII.  Experiment  XVII  was  repeated  with  the  following 
changes  :  The  serum  was  dissolved  in  water.  Mucoid  of  a  first 
extract  was  taken  and  dissolved  in  haU-saturated  limewater.  The 
solution  was  much  more  dilute  than  in  Experiment  XVII.  50  c.c.  of 
mucoid  solution  were  taken  in  z  to  5.  The  serum  volumes  in  3,  4, 
and  5  and  i  were  10  c.c,  40  c.c,  and  80  c.c.  The  total  volume  in 
each  was  130  c.c.  Water,  instead  of  0.5  per  cent  sodium  chloride, 
was  used  as  the  complemenial  fluid,  but  in  i ,  50  c.c.  of  ha  If -saturated 
limewater  were  added  to  the  serum  to  make  up  the  total  volume. 
This  mixture  stood  for  a  half  hour  before  acid  treatment  was  begun. 

On  adding  2  c.c.  of  0.8  per  cent  hydrochloric  acid,  i  remained 
unchanged,  2  was  opalescent,  3  milky,  and  4  and  5  were  precipitated. 

1  was  alkaline,^  2,  4,  and  5  neutral,  and  3  acid.    After  again  adding 

2  c.c.  of  the  acid,  i  became  flocculent,  2  milky,  3  flocculent,  4  more  . 
tlocculent,  5  less  flocculent.  All  were  acid,  though  in  different 
degree.  Further  additions  of  acid  were  made  until  the  volume  was 
increased  by  6  c.c*  This  amount  was  required  to  precipitate  2. 
On  standing  over  night,  1  was  entirely  clear,  2  was  completely  pre- 
cipitated, 3  collected  under  a  clear  fluid,  4  settled  under  a  slightly 


>  We  have  repeatedly  observed  that  aqueous  extracts  of  tendon  fail  to  yield 
mucoid  on  acidification.  On  some  occasions,  however,  a  slight  precipitate  tnny 
be  obtained  under  these  conditions.     See  page  434. 

*  This  result  seems  to  have  been  affected  by  tome  unobserved  error. 

*  To  litmus. 

*  The  additions  of  acid  were  made  in  3  c.c.  volumes  at  intervals  of  a  half  hour. 
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TABLE   IV. 
Sbkum  PioTBiD-Mucoin  Precipitates. 


Controls. 

Mixti;res.' 

Solutions. 

Serum. 

Mucoid. 

I 

2 

3 

4 

S 

Serum 

78 

2S 

25' 

75 

io 

25 
65 

M 
25 
45 

25 

0.5S  NaCI     .... 

Total  volume     .    . 

100 

100 

100 

100 

100 

Inpluenci  op  Hydrochloric  Acid. 

Addition.' 

0.8%  HCI. 

Relative  effects  of  limullaneous  ireaiment. 

1 
11 
HI 
IV 

8 
2 
2 
2 

Clear 
Clear 
Clear 
Clear 

Millty                Increasing  precipitate*  from 
Precipitate        No  change,  3-5> 
No  change,  2-5.* 

WetGHTS  OP  Prbcipitatis.'                                                  I 

aoi47 

0^4 

0^5 

07598         1^ 

>  Tht  millore  in  2  wai  ■lightly  (urbid. 
equal  to  that  hi  1. 

10  minutw. 

*  PreciiMtate  5  lettled  mote  rairidlj  than  the  otheri.     Each  teemed  to  be  com- 
pletely  aeparated. 

*  No  lolDtion  wa*  ■pparent. 

*  Tbe  tx<x»  of  add  appeared  to  be  without  loWent  cSect,  for  (he  «apematant 
fluid*  were  water-clear. 

'  After  Maoding  all  night,  the  uiual  itaircaM  effect  <raa  *ecn. 
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turbid  solution,  5  was  viscid,  with  no  sediment.  The  latter  could 
not  be  Altered  and  properly  washed,  but  the  following  weights  were 
obtained : 

Control*.  Serum.Mucoid  Precipitates. 

].  Serum.  2.  Mucoid,  3.  4. 

0.0  0.09S5gra.  0.1351  gm.  0.1529  gm. 

XIX.  Experiment  XVIII  was  repeated  with  dog  serum  in  stronger 
solution  (5  per  cent).  Mixed  mucoid  was  prepared  from  a  fresh 
lot  of  tendons,  after  the  latter  had  been  washed  in  running  water 
for  twenty-four  hours.  Water  was  used  in  the  serum  control  (i), 
instead  of  limewater,  to  make  up  the  total  volume.  Essentially 
the  same  prccipitative  results  were  obtained,  except  that  3  and  4 
were  the  viscid  precipitates  in  this  case,  5  was  more  flocculent.^  We 
obtained  the  following  figures  for  weights  of  the  precipitates  : 

Control*.  Serum-Miicoid  Precipitate*. 

1.  Serum.  2.  Mucoid.  3.  4.  5. 

0.0  0.0915  gm.  —  —  0.Z891  gm. 

With  «eg  Blbumau.  —  XX.  A  concentrated  solution  of  mixed 
mucoid  was  made  in  0.5  per  cent  potassium  hydroxide.  The  albumen 
from  two  eggs  was  thoroughly  shaken  in  250  c.c.  of  water,  and  the 
filtrate  used  in  the  mixtures  .indicated  in  Table  V,  where  the  essential 
data  of  this  experiment  are  recorded. 

XXI.  Experiment  XX  was  repeated  under  the  following  changed 
conditions:  The  mucoid,  from  the  first  tendon  extract,  was  dissolved 
in  h alf-s at u rated  limewater.  The  volume  of  mucoid  solution  in  each 
beaker  (2-5)  was  50  c.c.  The  volumes  of  albumen  solution  were 
10  c.c.  in  3,  40  c.c.  in  4,  and  80  c.c.  in  5  and  1.  50  c.c.  of  half- 
saturated  limewater  were  used  as  the  supplemental  volume  in  the 
albumen  control.  The  total  volume  was  130  c.c.  in  each  beaker. 
Essentially  the  same  prccipitative  effects  were  obtained  as  before, 
except  that  after  the  addition  of  6  c.c.  of  the  acid,^  flocculent  precipi- 
tates were  obtained  in  3,  4,  and  5,  whereas  2  was  merely  milky. 
Precipitation  occurred  first  in  3.  A  total  of  12  c.c.  of  0.8  per  cent 
hydrochloric  acid  was  added  —  a  moderate  excess.  After  standing 
over  night,  2,  3,  4,  and  5  were  completely  precipitated,   i   was  clear. 

>  A  total  cif  12  c.c.  of  0,8  per  cent  hydrochloric  acid  was  added  to  each. 
it  was  sufficient  to  acidify  all  the  n 
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TABLE   V. 
Egg  Albuhbn-Mucoid  Pkbcipitatbs. 


Controls. 

Mixtures.* 

Solutions. 

Egg 

albumen. 

Mucoid. 

Egg  alburoen-mucoid. 

1 

2 

3 

4 

5 

Egg  albumen  .... 

7b' 

.... 

10 

SO 

« 

0.5%  KOH     .... 

25 

Toul  volume  .     .    . 

100 

100 

100 

100 

100 

I.-IFLUENCE  OF    HvnROCHLOmiC   ACtD                                                         1 

Addition.^ 

0.8%  HCl. 

Relative  effects  of  simultaneoita  treaimenL 

I 

e' 

Unchanged 

n 

2 

Unchanged 

Increasing  predpiutes  from  2  to  S, 

in 

2 

Unchanged 

I^rge  flocks  in  2-»;  small  in  S.» 

IV 

2 

Flocculeni* 

Large  flocks  in  2-5.» 

V 

2 

Same 

Precipitates  in  4  and  5  increasing." 

VI 

2 

Same 

Nolfurther  change.' 

Weights  of  Pbbcipitates.  '                                            1 

0.0+33  • 

06807          0.7766          0.8204 

1.0327 

■  All  were  clear  «ce 

t  1,  which  was  moderate] r  turbid. 

1  All  additions  were 

made  during  the  same  afternoon,  at  intervals  of  about  a 

quarter  of  an  hour. 

■  Precipiution  was  le 

IS  advanced  in  5. 

•  The  particles  causin 

g  turbidity  in  the  first  place  now  came  together,  but  there 

was  no  apparent  increase 

*  The  supernatant  flu 

ds  in  4  and  5  were  still  milky. 

•  All  supernatant  fluii 

a  were  now  water-clear. 

1  The  excess  of  acid  1 

ad  no  apparent  solvent  action. 

•  Striking  Btatjrca»e  e 

feet,  rising  from  2  to  5,  was  observed  even  after  24  hours' 

standing. 

■  No  corrections  were 

made  on  account  of  this  slight  precipitate. 
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The  usual  staircase  appearance  of  the  precipitates  was  seen.    Figures 
or  the  weights  of  the  precipitates  follow : 

Controb.  E^  Albumen-Mucoid  Precipiuies. 

1.  Egg  Albumen.  2-  Mucoid,  3.  4.  5. 

ao  0.0953  gm.  0.1300  gm.        0.1S92  gm.        0.2225  gm. 

XXII.  Experiment  XX  was  repeated  with  the  following  varia- 
tions :  Mixed  mucoid  was  dissolved  in  0.5  per  cent  sodium  carbonate. 
Commercial  dry  albumen  was  dissolved  in  water,  and  the  clear  filtrate 
employed.  Water  was  used  throughout  to  make  up  the  total  volume 
to  100  c.c.  30  c.c.  of  mucoid  solution  were  used  in  2,  3,  and  4.  [5  was 
omitted.]  The  volume  of  albumen  solution  was  30  c.c.  in  3  and  60  c.c. 
in  4  and  i.     0.2  per  cent  hydrochloric  acid  was  used  to  precipitate. 

After  adding  10  c.c.  of  the  acid,^  I  remained  clear,  2  became 
opalescent,  3  was  partly  precipitated,  and  4  seemed  to  be  wholly  pre- 
cipitated. After  adding  10  c.c.  more  of  acid,  precipitates  3  and  4  were 
bulky,  and  both  seemed  to  be  complete  ;  2  was  still  only  milky,  i  un- 
changed. It  required  a  further  addition  of  40  c.c.  of  the  acid'  to 
completely  precipitate  the  mucoid  in  the  control  (2).  This  excess  of 
acid  seemed  to  be  without  solvent  influence  on  precipitates  3  and  4, 
and  without  effect  on  i.  After  standing  over  night,  all  precipitates 
settled  under  water-clear  solutions,  and  the  albumen  control  was  with- 
out sediment.  The  precipitates  showed  the  usual  staircase  effect. 
The  following  weights  were  obtained  : 

Conlroli.  Egg  Albumcn-Mucoid  Precipiiatn. 

1.  Egg  Albumen.  2   Mafoid.  3.  4. 

0-0  0.2317  gm.  0.4237  gm.  0-S761  gm. 

XXIII.  Experiment  XX  was  again  repeated  under  somewhat 
changed  conditions,  as  follows:  52  grams  of  moist  mucoid,  of  a 
second  extract,  were  dissolved  in  4C0  c.c.  of  0.5  potassium  hydroxide. 
Dilute  sulphuric  acid  (i-io}  was  used  to  precipitate.  65  c.c.  of  the 
mucoid  solution  were  used  in  2-7.  The  volumes  of  albumen  solution 
were  5  c.c,  10  c.c,  20  c.c,  40  c.c,  in  3,  4,  5,  and  6  respectively,  and 
80  c.c.  in  7  and  in  i.  Water  was  used  to  make  up  the  total  volumes 
to  200  c.c'    The  acid  was  added  in  2  c.c.  portions. 

'  The  acid  was  added  in  j  c.c.  volumes  at  varying  intervals. 
■  Added  in  5  c.c.  volumes  at  intervals  of  about  an  hour  on  the  following  day. 
*  Alter  precipitation  had  been  completed,  40  c.c.  oE  water  were  added  to  make 
the  total  volume  350  c.c.  in  each  case. 
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5  C.C.  of  the  acid  sufficed  to  completely  precipitate.  3,  4,  5,  6,  and 
7  came  down  before  2.'  The  general  effects  noted  in  experiments 
XX-XXni  were  duplicated.  The  staircase  appearance  of  the 
precipitates  was  as  marked  as  usual.  The  following  weights  were 
o  btained : 

Control!.  Egg  Albumen-Mucoid  Ptecipitiiei. 

1.  Egg  Albumen.    2.  Mucoid.  3.  4.  5.  6.  7. 

0.0  2.2CHgms.>    Z431gnis.  2.565sins.  2.751  gmi.  3.280gms.'  4.023gms.< 

XXIV.  Experiment  XX  was  exactly  duplicated.  The  same  pre- 
cipitative  effects  were  observed.  On  standing  over  night,  the  precipi- 
tates were  in  the  same  staircase  relation  repeatedly  noted  before.  No 
precipitate  formed  in  i.     No  weights  were  taken. 

XXV.  Experiment  XX  was  repeated  with  the  following  altered 
conditions:  Egg  albumen  was  dissolved  in  water  in  the  proportion 
of  t  in  lo.  The  mucoid  was  taken  from  a  second  extract.  2  per  cent 
acetic  acid  was  taken  to  effect  precipitation.  40  c.c.  of  albumen  solu- 
tion were  used  in  4. 

After  adding  4  c.c.  of  the  acid,  3,  4,  and  5  were  precipitated,  2  was 
merely  milky  and  i  and  5  were  unchanged.  After  adding  acid  to 
complete  precipitation  of  2,'  and  allowing  to  stand  over  night,  all 
precipitates  had  collected  under  relatively  clear  solutions,  and  the 
usual  staircase  positions  had  been  assumed.  The  following  weights 
were  recorded : 

Controls.  Egg  Albumen-Mucoid  Precipitates. 

1.  Egg  Albumen.  2.  Mucoid.  3.  4.  5. 

0.0  01336gn>.  0.2aJ9gm.  0.2886  gm,  03498gin- 

XXVI.  Experiment  XXV  was  repeated  with  an  as  per  cent  sodium 
carbonate  solution  of  mixed  mucoid.  The  precipitative  effects  were 
practically  identical,  as  was  also  the  staircase  appearance  of  the  pre- 
cipitates on  standing. 

XXVII.  In  this  experiment  we  ascertained  some  facts  regarding 
the  filtrates  from  the  egg  albumen-mucoid  precipitates.  15  grams  of 
moist  mucoid  from  a  second  extract  were  dissolved  in  210  c.c.  of  half- 

I  Precipitation  occurred  firil  in  the  beakers  containing  the  least  amount  of 
albumen  solution. 

*  The  nitrogen  content  was  1 1.95  per  cent.     See  Table  X. 
'  The  nitrogen  content  was  12.60  per  cent.     See  Table  X. 

*  The  nitrogen  content  was  13.04  per  cent.     See  Table  X. 

*  10  c.c  in  addition  were  required. 
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saturated  limcwater.  The  whites  of  two  eggs  were  dissolved  in  250 
c.c.  of  water.  Mixtures  were  made  as  indicated  in  Table  VI.  0.8  per 
cent  hydrochloric  acid  was  used  to  precipitate.  The  usual  precipita- 
tive  effects  were  observed.  Aliquot  portions  of  the  filtrates  were 
carefully  neutralized,  and  the  effects  noted.  The  coagukble  proteid 
in  the  neutral  fluids  was  determined  gravimetrically  by  the  customary 
process.     Further  data  will  be  found  in  Table  VI. 

XXVIII.  Does  mucoid  precipitate  the  associated  proteid  by  enter- 
ing into  chemical  combination  with  it  under  the  conditions  of  these 
experiments,  or  is  it  merely  carried  down  mechanically  by  the  mucoid  ? 
We  tried  to  answer  this  question  more  definitely  in  the  following  two 
experiments : 

Mucoid  of  a  third  extract  was  dissolved  in  o.i  per  cent  potassium 
hydroxide.  Egg  albumen  was  dissolved  in  water  in  the  proportion  of 
I  of  the  former  to  4  of  the  latter. 

The  following  mixtures  were  made  up  and  treated  as  indicated 
below : 

1.  Albumen  control.  —  $0  c.c,  of  the  albumen  solution  +  50  c.c.  of 
water  +  8  c.c.  of  0.8  per  cent  hydrochloric  acid.'  No  precipitative 
effect.  The  mixture  was  allowed  to  stand  until  the  following  day, 
with  the  same  negative  result. 

2.  Mucoid  control.  —  50  c.c.  of  the  mucoid  solution  +  50  c.c.  of 
water.  8  c.c.  of  0.8  per  cent  hydrochloric  acid  completely  precipi- 
tated the  mucoid. 

3.  Washed  mucoid  in  albumen  solution.  —  50  c.c.  of  the  mucoid  solu- 
tion +  50  c.c.  of  water.  After  complete  precipitation  with  8  cc.of 
0:8  per  cent  hydrochloric  acid,  the  filtrate  was  used  as  solution  4 
(below),  and  the  precipitate  was  thoroughly  washed  free  from  adherent 
acid.  The  precipitate  was  then  transferred  to  go  c.c.  of  water,  to 
which  50  c.c.  of  the  albumen  solution  was  added.  The  mixture  was 
thoroughly  stirred'  and  allowed  to  stand  for  the  usual  length  of 
time. 

4.  Acid  filtrate  from  precipitated  mucoid,  mixed  with  albumen  solu- 
tion. —  25  c.c,  of  the  acid  filtrate  from  3  were  treated  with'  25  c.c.  of 
the  albumen  solution,  and  the  two  fluids  thoroughly  mixed.  Only 
a  very  delicate  turbidity  ensued.     The  mixture  was  allowed  to  stand 

^  This  quantity  was  Rufficient  to  completely  precipitate  the  mucoid  products  in 
the  remaining  mixturcB. 

'  The  precipitate  was  just  as  finely  flocculent  at  this  point  as  when  freshly 

precipitated. 
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TABLE  VI  (First  Part). 
Egc- A  uu  HEN -Mucoid  Precipitatu  and  Filtrates. 


Controls. 

MlXT«S«S.» 

SoLtmoKs. 

albumen. 

Mucoid. 

Egg 

albumen-mucoU). 

Egg  albumen  .... 

n 

•;•; 

10 

40 

■0 

Mucoid 

SO 

SO 

SO 

SO 

W«ler 

80 

70 

40 

50 

Tolal  volume  ,     .     . 

130 

130 

130 

130 

130 

Inplvekci  of  Hvdrochlohic  Acid. 

Addition.' 

a8%  HCl. 

I 

1 

Lett  turbid 

Turbid          Milky            j  Milky 

Turbid. 

11 

2 

Lest  turbid 

Milky.* 

m 

2 

LcM  turbid 

Floeculent.* 

IV 

2 

Clearing 

Increased 

V 

2 

Clear 

VI 

2 

No  change.  1-S.*                                                                              I 

>  All  were  clear  at  the  ttart  except  1,  which  was  decidedly  turbid. 

*  Additions  were  made  at  interval)  of  5  and  10  minutei. 

■  Precipitate  3  aeenied  to  be  more  complete  than  either  2  or  4. 

•  The  mixture  was  still  slightly  allcaline. 

«  Faintly  acid;  2-4  decidedly  acid ;  1  faintly  acid. 

'  The  excets>af  acid  appeared  to  be  without  aolvent  action.     The  precipitates, 
on  standing,  exhibited  the  uaual  staircase  eSect. 
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TABLE  VI   (Secokd  Part). 


Gravimetric  Data. 

Controls. 

Mixtures. 

Egg 

albumen. 

Mucoid. 

Egg  albumen-mucoid. 

1 

2 

3 

4          1           5 

Weighu  of  egg  albu- 

ao 

06251 

O.S6S7 

1-1780     1      1.4980 

filltates'     .... 

Coagulable    procetd 

combined  in  Ihcalbu- 

Utes  (calculated) '    . 

"    1.61Z7 

0.0000 

0.0066 
a2436 

a2971 

06376 

0.8729 

leid  accuunted  for    . 

Total  coagulable  pro- 

teid  in  each  original 

1.6127 
16127 

0,0000 

a2502 
0.2016 

a8500 

a8063 

1.5105 
1*127 

Difference*       .    .    . 

+0.W86 

+0.0437 

-0102Z 

1  On  neutralizing,  all  of  the  filtrates  were  clear  except  1,  which  relumed  to  its 
original  turbidity. 

»  It  was  assumed  thai  each  of  3-S  contained  its  relative  proportion  of  0.(051 
gram  of  mucoid,  the  quantity  in  2, 

*  It  was  assumed  that  each  of  3-S  contained  its  relative  pro])orlion  of  1.61Z7 
gram  of  coagulable  proteid,  the  quantity  in  1. 

*  Slight,  in  spite  of  the  mechanical  difficulties  at  every  turn. 

over  night  with   the  others.     The  quantity  of   precipitate  did   not 
increase  in  the  meantime.' 

5,  Mucoid,  in  KCiu  fluid,  plus  albumen  solution.  —  50  c.c.  of  the 
mucoid  solution  +  8  c.c.  of  0.8  per  cent  hydrochloric  acid  to  complete 
precipitation.  50  c.c.  of  the  albumen  solution  were  added  to  the  floc- 
culent  acid  mixture,^  and  the  whole  was  thoroughly  stirred  and 
allowed  to  stand  over  night- 

'  Further  additioDs  of  acid  were  also  without  effect. 

'  This  addition  was  seen  to  result  in  immediate  increase  of  the  precipitate. 
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6.  Mucoid  and  albumen  mixed  in  alkaline  solulion  and  together 
treated  wilk  acid.  —  50  c.c.  of  the  mucoid  solution  +  50  c.c.  of 
the  albumen  solution  +  8  c.c.  of  0.8  per  cent  hydrochloric  acid.  The 
mixture  was  thoroughly  stirred  and  put  away  over  night  with  the 
preceding  mixtures. 

The  gravimetric  data  of  this  experiment  are  given  in  Table  VII. 

XXIX.  Experiment  XXVIII  was  repeated.  Mucoid  of  a  second 
extract  was  dissolved  in  half-saturated  limewater.  A  i  to  15  aqueous 
solution  of  white  of  egg  was  used.  8  c.c.  of  0.8  per  cent  hydro- 
chloric acid  sufficed  for  complete  separation  of  the  precipitable  proteids 
in  the  mixtures,  which  were  made  up  as  before.  Our  results  are 
summarized  in  Table  VII.  Experiment  XXXIII  gives  additional 
data — precipitative  effects  as  well  as  nitrogen  contents,  etc.,  of  the 
compounds. 

TABLE   VII. 

Egg  Album EN-MucoiD  FRECiprrATES,  etc.    Expsrimbnts  XXVIII  and  XXIX. 


CO.VTROLS. 

ECQ   ALBIFMEK-MUCOIO   MIXTURES.                       1 

1 

1 

1 

fi! 

ill 

ill! 

mi 

111 

nn 

n 

No. 

1 

2' 

3 

4 

5 

6 

XXVIII 
XXIX 

ao 

03746 
0.1669 

0J233 
01793 

o!o 
ao 

o'jffi3 
04180 

07W0 
04019 

1  In  each  experiment  the  quantity  of  mucoid  was  exactly  the  same  in  2.  3,  S, 
and  6.     Compare  2  and  3.  5  and  6.  and  the  first  of  the»e  pairs  with  the  second. 

With  $lyooe»n.  —  XXX.  Mucoid  of  a  second  extract  was  dissolved 
in  half-saturated  limewater.  Glycogen,  made  from  scallops,  was 
dissolved  in  water  and  a  4  per  cent  solution  used.  The  following 
mixtures  were  made  up  : 

1.  Glycogen  control.  75  c,c.  of  the  glycogen  solution  -|-  25  c.c.  of 
half-saturated  limewater  (100  c.c). 

2.  Mucoid  control.  25  c.c.  of  the  mucoid  solution  +  75  c.c.  of 
water  (100  c.c). 
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3.   Glycogen-muccid  solutions  ; 

a.     40  c.c.  glycogen  +  25  c.c.  mucoid  +  35  c.c.  water  (100  c.c). 
6.     75  c.c.  glycogen  +  25  c.c.  mucoid  (100  c.c). 

On  adding  2  c.c.  of  0.8  per  cent  hydrochloric  acid  to  each  beaker, 
all  but  the  glycogen  control  assumed  a  uniform  milkiness.  A  second 
addition  of  2  c.c.  of  the  acid  resulted  in  equal  flocculent  precipitation 

TABLE  VI ri. 

NlTBOGEN    CONTRNT  OF  GELATINE- MUCOID   PRECIPITATES. 


Solutions. 

' 
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Analytic  Data  (for  Dry  Substance). 
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in  all  but  the  glycogen  control,  which  was  unaffected.  The  original 
glycogen  opalescence  in  3,  a  and  b,  was  quite  as  decided  after  the 
precipitation  of  the  mucoid  by  the  acid  treatment  as  before.  A  total 
of  8  c-c.  of  acid  was  added  to  completely  precipitate  the  mucoid  in  2. 
The  same  amount  was  required  for  complete  precipitation  in  the 
others.  On  standing,  the  glycogen  opalescence  in  i  and  in  the  super- 
natant fluids  in  3  was  unchanged,  and  the  precipitates  failed  to  show 
a  staircase  effect.     The  following  gravimetric  data  were  obtained: 
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Controls.  3.  Glycogen-Mucoid  Mixtures.' 

1.  Glycogen,  2.  Mucoid.  a.  i. 

0.0  0.1580  gm.  0.1610  gm.  ai660gra. 

NitTogen  oontent  of  protoid-maooid  prooipitat«a.  —  H^tM  gelatine. 
XXXI.  Mixed  mucoid  (30  grams,  moist)  was  dissolved  in  250  c.c. 
of  0.5  per  cent  potassium  hydroxide.    A  2  per  cent  solution  of  gelatine 

TABLE   IX. 
Nttrogbn  Cohtent  of  Muscle  PROTEii>MucorD  Precipitates. 
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was  used.  0.8  per  cent  hydrochloric  acid  was  taken  to  precipitate  the 
mixtures,  the  characters  of  which  are  indicated  in  Table  VIII.  12 
c.c.  were  required  to  completely  precipitate  the  mucoid  control.  The 
same  volume  was  finally  added  to  each  of  the  others.  The  precipi- 
tative  effects  noted  in  Experiments  I-VII  were  again  observed.     The 
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and  failed  to  give  an 
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precipitates  were  thoroughly  and  quantitatively  washed  by  decantation 
in  water  until  free  from  biuret  reacting  soluble  matter,  then  in  increas- 
ing strengths  of  alcohol,  finally  in  ether,  in  preparation  for  analysis. 
Analytic  data  are  summarized  in  Table  VIII. 

With  muscle  proteids.  XXXII.  20  grams  of  moist  mucoid  from  a 
second  extract  were  dissolved  in  150  c.c,  of  0.5  per  cent  potassium 
hydroxide.  A  fairly  concentrated  watery  extract  of  fresh  hashed  beef 
was  made  at  40°  C.  The  extract  was  bloody.  0.8  per  cent  hydro- 
chloric acid  was  used  to  precipitate,  and  10  c.c.  were  added  to  each 
mixture  referred  to  in  Table  IX.  Equal  volumes  of  the  filtrates, 
180  c.c,  were  treated  in  each  case  with  600  c.c.  of  95  percent  alcohol, 
and  the  precipitates  weighed.  The  decolorization,  precipltative,  and 
staircase  effects  noted  in  Experiments  XI-XV  were  again  observed. 

With  egg  albumen.  XXXIII.  Mucoid  from  a  second  extract  was 
dissolved  in  0.5  per  cent  potassium  hydroxide.  The  whites  of  three  eggs 
were  dissolved  in  350  c.c.  of  water.  0.8  per  cent  hydrochloric  acid 
was  the  precipitant.  17  c.c.  of  the  acid  were  added  in  5  c.c.  volumes 
at  intervals  often  minutes,  until  the  mucoid  controls  and  all  mucoid- 
containing  mixtures  were  completely  precipitated.  The  precipltative 
effects,  in  the  various  mixtures  indicated  in  Table  IX,  were  relatively 
the  same  as  those  noted  in  Experiments  XX-XXIX. . 
Analytic  data  are  summarized  in  Table  IX. 

General  Pkopekties  of  the  Proteid-Mucoid  Precipitates. 

Most  of  the  precipitates  resembled  precipitated  tendomucoid. 
The  gelatine-mucoid  precipitates  usually  manifested  a  gelatinous  con- 
sistence, and  frequently  resembled  aluminium  hydroxide. 

The  meat  cxtract-mucoid  precipitates  were  pigmented  by  hxmo- 
globin  products.  That  the  pigment  was  not  held  mechanically  in 
the  precipitates  was  shown  by  the  fact  that  the  color  could  not  be 
washed  out.  We  have  already  alluded  to  the  fact  that  the  filtrates 
from  the  precipitates  were  colorless,  except  when  too  much  blood 
was  present  in  the  meat  extract  to  begin  with.  Such  decolorization 
fails  to  occur  when  a  washed  flocculent  mucoid  precipitate  is  thor- 
oughly stirred  in  a  neutral  or  alkaline  bloody  meat  extract.  Under 
such  conditions,  also,  the  precipitate  remains  snow  white.  It  is 
probable,  therefore,  that  in  the  presence  of  acid,  mucoid  and  hemo- 
globin unite  chemically. 

In  alt  cases  the  proteid-mucoid  precipitates  not  only  weighed  more 
than  the  mucoid  controls,  but  were  obviously  more  bulky,  even  on 
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long  standing,  as  well  as  under  conditions  favoring  rapid  sedimen- 
tation of  each  precipitate.  While  our  precipitates  were  being 
washed  we  occasionally  observed  that  the  washings  gave  a  pre- 
cipitate on  mixing  with  the  acid  filtrate.  It  is  probable  that  our 
products  varied  in  their  solubility  in  dilute  acid  and  that  more  ac- 
curate knowledge  of  the  conditions  favoring  their  formation  might  give 
even  more  decided  gravimetric  results  than  those  already  obtained. 
All  of  the  thoroughly  washed  and  purified  products*  were  acid  in 
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reaction,  though  the  degree  of  acidity  varied  considerably;  they 
yielded  reducing  substance  and  glucotbionic  acid  on  decomposition 
with  dilute  hydrochloric  acid,  and  gave  the  common  mucoid  reactions 
as  distinctly  as  the  mucoids  themselves. 

When  the  precipitates  were  dissolved  in  dilute  limewater  to  neutral 
solutions,  the  latter  failed  to  become  turbid,  or  even  opalescent,  on 
boiling.     The  entire  series  of  products  obtained  in  Experiment  XXIII 

'  Purified  by  the  customary  metltod*  of  washing  in  water,  alcohol  and  ether. 
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was  carefully  studied  in  this  respect,  with  the  negative  results  just 
stated. 

On  acidification  of  the  neutral  or  alkaline  solutions  o[  the  proteid- 
mucoid  products,  they  were  immediately  rendered  milky,  and  a  fine 
flocculent  precipitate  quickly  separated.  The  resistance  of  these 
compounds  to  the  solvent  action  of  acid  is  quite  as  marked,  in  most 
cases,  as  that  of  the  mucoids  themselves. 

Discussion  of  Results. 

Our  results  support  the  belief  that  the  mucoids  have  the  power  in 
acid  media  of  uniting  chemically  with  various  proteids.  Acid  pre- 
cipitation of  mucoid  from  solutions  containing  other  proteids,  such  as 
alkaline  tendon  extracts,  seems  to  result  in  the  removal  of  portions  of 
these  proteids  in  chemical  combination  with  the  mucoid  and,  also,  in 
the  formation  of  products  which  had  no  previous  existence.  This 
fact  would  account  for  the  wide  discrepancies  in  the  past  among  the 
results  of  elementary  analysis  of  the  mucoids.  Our  observations 
indicate,  therefore,  that  previous  quantitative  determinations  of  mu- 
coids in  tissues  or  proteid  fluids  have  been  inaccurate,  and  that  new 
methods  must  be  devised  for  such  analyses.  Even  if  our  products 
were  only  intimate  mechanical  admixtures,  the  latter  observations 
would  hold  good,  for  we  have  seen  that  the  associated  proteid  can- 
not be  washed  out  by  the  methods  now  used  for  mucoid  purification. 

Our  proteid-mucoid  products  seemed  to  require  less  acid  for  their 
precipitation  than  equivalent  amounts  of  mucoid  in  equal  volumes 
under  equal  conditions  of  reaction,  etc.  In  other  words,  the  pro- 
teid-mucoid products  are  more  easily  precipitated. 

That  the  precipitates  formed  in  these  experiments  are  not  merely 
mechanical  mixtures  is  indicated  by  the  facts  on  their  general  prop- 
erties referred  to  on  page  426.  In  Experiment  XXVIII  it  was  clearly 
shown  that  precipitated  and  washed  mucoid  may  be  mixed  with  neu- 
tral or  faintly  alkaline  egg  albumen  solutions  in  large  excess  without 
holding  any  of  the  latter  that  could  not  be  washed  out  readily  with 
water  (compare  2  and  3).  In  Experiment  XXVIII  we  also  saw, 
however,  that  in  an  acid  mucoid  mixture  instant  increase  of  the  floc- 
culent precipitate  occurred  when  albumen  solution  was  added  (5), 
although  the  same  amount  of  acid  had  no  precipitative  effect  on 
a    control    albumen   solution.'     The   weight    of   precipitate   formed 

'  This  fact  indicates  that  the  union  of  mucoid  and  proteid  in  tkt  prtstnct  0/ 
airti^reaultsiiotonlf  from  a  consequent  chemical  chinge  in  the  mucoid  salt,  but  also 
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under  such  conditions  (5)  was  practically  the  same,  also,  as  that 
produced  when  an  alkaline  mixture  of  equal  amounts  of  mucoid  and 
albumen  was  acidified  (6).  The  data  in  Experiment  XXVII  also 
harmonize  with  these  deductions.     See  Table  VII. 

It  might  be  assumed  that  alkali  albuminate  was  formed  from 
the  proteid  associated  with  the  mucoid,  when  their  solutions  were 
mixed.  But  our  precipitation  results  cannot  be  attributed  to  ad- 
mixture of  mucoid  with  insoluble  albuminate.  In  some  of  the  ex- 
periments a  very  slight  precipitate  of  albuminate  may  have  been 
retained  by  the  mucoid  compound.  The  quantity  of  precipitate  in 
the  associated  proteid  control  at  the  end  of  each  experiment  shows, 
however,  that  any  such  admixture  was  trivial  in  amount.  (See  espe- 
cially Experiments  II.  XVIII,  XX,  XXI,  and  XXIV  to  XXVII.)  Our 
results  with  gelatine  are  particularly  conclusive  in  this  connection. 

The  increase  in  the  weights  of  the  protetd-mucoid  precipitates  has 
been  somewhat  irregular,  but  the  conditions  of  our  experiments  have 
not  favored  accurate  estimation  of  relative  combining  powers  with  the 
various  proteids  employed.  The  degree  of  acidity,  for  example,  was 
never  the  same  in  connection  with  the  formation  of  our  products. 
Of  the  various  proteids  employed,  proteose  (Witte's  "  peptone")  was 
combined  in  the  smallest  proportion  (by  weight).  The  proteids  of 
higher  molecular  weight  were  taken  up  in  the  largest  proportion  (by 
weight).  Molecular  proportions  in  the  compounds  have  not  yet 
been  investigated. 

That  mucoid  does  not  unite  with  all  colloids,  under  circumstances 
similar  to  those  in  our  experiments,  and  that  the  mere  colloidal  con* 
dition  of  the  associated  substance  is  not  responsible  for  the  effects 
noted,  is  indicated  by  the  negative  results  with  glycogen  (Experi- 
ment XXX). 

Differences  in  ash  content  were  without  influence  (Experiments 

xiri,  XXXI,  XXXII,  XXXIII). 

Our  results  for  nitrogen  content  of  the  mucoids  and  proteid- 
mucoid  compounds  harmonize  with  those  for  relative  weights  of  the 
precipitates,  and  for  the  quantities  of  associated  proteid  matter  re- 
maining in  the  filtrates.  They  also  remind  us  of  the  difficulties 
alluded  to  on  the  next  page. 

With  reference  to  the  divergent  data  for  elementary  composition 

in  the  associated  proteid.  Combintd  acid  also  appears  to  have  such  influences 
(EKperiment  X). 
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of  their  tendomucoid  products,  Chittenden  and  Gics^  stated,  "Our 
results  seemingly  justify  the  assumption  that  white  fibrous  connective 
tissue  contains  more  than  one  mucin,  or  else  that  the  mucin  obtain- 
able from  this  tissue  is  prone  to  carry  with  it  a  certain  amount  of 
some  other  form  of  proteid  matter  which  the  ordinary  methods  of 
purificalion  are  not  wholly  adequate  to  remove-  .  .  .  Undoubtedly 
preliminary  extraction  of  the  tissue  with  salt  solution  tends  to  remove 
a  certain  amount  of  proteid  matter,  especially  globulins,  whigh  might 
otherwise  render  the  product  impure.  .  .  .  Still  there  is  no  certainty 
on  this  point,  for  it  is  to  be  remembered  that  precipitation  of  the 
mucin  requires  the  addition  of  considerable  hydrochloric  acid  beyond 
neutralization  of  the  alkaline  fluid,  and  this  excess  of  acid  would 
naturally  exert  a  marked  solvent  action  upon  any  albuminous  matter 
present."^  Chittenden  and  Gies  were  considering  the  possibility  that 
tnechanical  admixture  of  associated  proteid  might  have  effected  the 
divergences  among  their  figures  for  elementary  composition,  although 
the  latter  part  of  the  quotation  above  indicates  that  in  their  belief  the 
other  alternative  proposed  —  existence  of  several  mucoids  in  tendon 
—  accounted  for  the  analytic  variations  observed, 

A  few  years  later,  Cutter  and  Gies'  studied,  by  improved  methods, 
the  question  of  tendomucoid  composition,  and  found  that  the  mucoids 
from  five  successive  extracts  of  the  same  tendon  pieces  exhibited 
marked,  though  fairly  regular,  differences  in  elementary  composition. 
In  this  connection  they  wrote  as  follows :  "  We  can  no  longer  believe 
that  proteid  impurity  is  responsible  for  the  observed  variations.  In 
the  first  place,  the  quantity  of  soluble  proteid  in  tendon,  other  than 
mucoid,  is  very  slight.  Experiments  in  progress  in  this  laboratory 
indicate  that  it  is  less  than  0.3  per  cent.*  If,  however,  it  were  possible 
for  all  of  this  small  quantity  to  combine  permanently  with  the  pre- 
cipitated mucoids,  it  could  not  account  for  the  regular  rise  and  fall  of 
nitrogen  content  observed  in  each  series  of  our  experiments.  Al- 
though it  is  conceivable  that  the  mucoid  of  the  first  extract  could  be 
so  affected,  such  an  assumption  would  not  explain  the  rise  of  nitrogen 

'  Chittexden  and  Gies;  Journal  of  experimental  medicine,  1896,  i,  p.  194; 
also   Gies  and  COLLABOHATORS :  Biochemical  researches,   1903,1,   Reprint  No. 


'  CuTTKR  and  Gies  ;  Loc.  cil. 

*  Bt;F.ROf-:R  and  GiES :    This  journal,  1901,  vi,  p.  22S;   also  Biochemical  re- 
searches, 1903,  i,  Reprint  No.  8. 
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in  the  third  and  subsequent  extracts,  particularly  in  view  of  the 
marked  fall  of  the  same  in  the  second.  Then,  too,  each  product  was 
so  thoroughly  washed  in  excess  of  0.2  per  cent  hydrochloric  acid  that 
unless  very  intimate  and  unusual  chemical  union  resulted,  lymph 
proteids  roust  have  been  quickly  and  completely  dissolved  from  the 
precipitates.  We  know  of  no  other  substance  in  tendon  which  would 
resist  tbe  washing  treatment  and,  by  mechanical  admixture  or  chemi- 
cal combination,  account  for  the  orderly  variations  observed  in  the 
analytic  sferies." 

Shortly  before  the  publication  of  the  paper  by  Cutter  and  Gies,  we 
together  began  a  new  research  to  ascertain,  if  possible,  additional 
reasons  for  the  variations  in  the  analytic  data  for  the  glucoproteids. 
Nerking'  had  just  published  his  paper  on  "  fat-proteid  compounds." 
His  results  and  views  made  it  seem  possible  that  the  variations  noted 
in  the  analytic  results  for  mucoids,  as  well  as  other  proteids,  were  due, 
perhaps  in  part  at  least,  to  combinations  or  intimate  admixtures  of  the 
proteid  substance  with  fat  or  fatty  acid.  It  has  been  known  for  a 
long  time  that  a  certain  amount  of  ether-soluble  matter  is  associated 
with  crude  connective  tissue  mucoid.^  The  difficulties  in  the  way  of 
removing  this  admixture  have  been  appreciated  by  various  observers, 
and  as  no  one  had  determined  the  chemical  nature  of  this  extractive 
matter,  its  existence  appeared  to  be  significant  in  this  connection. 

Our  investigation  demonstrated,"  however,  that  the  glucoproteids  as 
commonly  prepared  are  not  fat  compounds,  that  they  bear  no  resem* 
blance  to  lecithalbumins  and  that  the  analytic  data  for  purified 
mucoids  are  not  affected  by  fatty  radicles.  The  results  of  the  present 
research,  however,  indicate  the  nature  of  one,  perhaps  the,  disturbing 
factor  in  mucoid  preparation  and  analysis. 

That  the  mucoid  from  the yfri/ extract  of  such  a  tissue  as  tendon  is 
seriously  affected  by  associated  lymph  proteids,  when  the  extract  is 
acidified,  is  now  definitely  shown.  Our  results  appear  to  offer  no  ex- 
planation, however,  for  the  observation  of  Cutter  and  Gies,  and  also 
our  own  in  another  connection,*  that  the  nitrogen  content  of  mucoids 
from  the  third  and  successive  extracts  rises  steadily.  Cutter  and  Gies 
also  found  that  each  successive  mucoid  extract  required  more  and 

'  Nerkikg:  Archiv  fiir  die  gesammte  Physiologic,  igor,  Ixxiv,  p.  330. 

•  LoEBisCH  :  Zeitschrift  fiir  physiologische  Chemie,  1886,  x,  p-  58. 

•  PoSNER  and  Gies;  This  journal,  1902,  vii,  p.  331  ;  also  Bioeliemical  re- 
searches, 1903,  i,  Reprint  No.  35. 

•  PosNER  and  Gies  :  This  journal,  1904,  xi,  p.  335. 
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more  acid  for  its  precipitation.  Our  own  ob^Ccrvationa  suggest  that 
this  result  may  have  been  due  to  a  decreasing  proportion  of  associ- 
ated lymph  proteids  in  the  successive  extracts.  It  may  be,  also,  that 
the  increasing  strength  of  acid,  which  is  required  to  precipitate  the 
successive  extracts,  transforms  the  products  sufficiently  to  account 
for  the  steady  rise  in  nitrogen  content.' 

Our  data  further  indicate  that  the  mucoids  may  exist  in  the  tissues 
in  combination  with  other  proteids.  This  view  is  borne  out  by  the 
fact  that  mucoids  cannot  be  satisfactorily  extracted  from  the  connective 
tissues  with  water  or  neutral  saline  fluids,  although  neutral  mucoid 
{e.g.,  potassio-mucoid)  readily  dissolves  in  such  solutions.  It  is  pos- 
sible that  dilute  alkalies,  which  are  so  well-adapted  for  the  extraction 
of  the  mucoids,  in  such  cases  break  the  glucoproteid  from  complex 
proteid  (protoplasmic)  combinations,  and,  besides,  furnish  the  cations 
for  the  formation  of  easily  soluble  ion-mucoid  products  in  the  extract. 
These  observations  are  in  accord  with  the  remarks  of  Schmiedeberg 
on  the  forms  in  which  chondroitin  sulphuric  acid  may  exist  in  car- 
tilage and  on  the  varieties  of  chondromucoid-like  substances  (pepto- 
chondrin,  chondralbumin,  etc.)  obtainable  from  that  tissue.^ 

The  behavior  of  other  glucoproteids,  under  circumstances  similar 
to  and  also  different  from  the  conditions  in  these  experiments,  will 
shortly  be  ascertained.  Whether  nucleoproteids  show  similar  com- 
bining properties  will  also  be  investigated. 


Summary  of  General  Conclusions. 
In  the  presence  of  acid,  tendomucoid  forms  relatively  insoluble  com- 
pounds with  gelatine,  proteoses,  alkali  albuminate,  acidalbumin,  and 
with  proteids  in  aqueous  extracts  of  muscle  and  tendon,  and  in  blood 
serum  and  white  of  egg.  In  these  respects,  mucoid  behaves  much  like 
chondroitin  sulphuric  acid,  and  the  glucothionic  acids  from  various 
glucoproteids.  Consequently,  when  mucoid  is  precipitated  with  acid 
from  neutral  or  alkaline  solutions,  such  as  tendon  and  other  tissue 
extracts,  non-mucoid-proteid  is  withdrawn  from  the  fluid  in  proteid- 
mucoid  combination.     This  fact  makes  it  evident  that  the  methods  for 

'  This  matter  is  now  under  invesfigalion  in  this  laboratory. 

'  SCHMIEOFBERG :  Archiv  fiir  experimentelle  P.ilhologie  und  Pharmakologie, 
1891,  xxviii,  p.  399.  See  also  a  recent  paper  by  MORKER.  on  percaglobulin : 
Zeitschrifi  fiir  physiologische  Chemie,  1904,  il,  p-  4S'-  This  important  paper  ap- 
peared since  the  completion  of  our  experiments.  • 
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determining  the  quantities  of  mucoids  in  tissues,  etc.,  have  heretofore 
been  inaccurate,  and  that  many  so-called  "  pure  "  mucoids  have  been 
proteid-mucoid  products. 

Hydrochloric  acid,  sulphuric  acid,  and  acetic  acid  manifested  the 
same  general  precipitative  influence  on  proteid-mucoid  mixtures. 
Combhted  hydrochloric  acid  also  exerted  a  precipitative  effect. 

When  all  other  conditions  were  equal,  precipitation  usually  occurred 
first  in  the  solutions  having  the  greatest  proportion  of  associated  pro- 
teid.  The  extent  of  this  precipitative  influence  has  not  yet  been 
ascertained.  The  proteid-mucoid  products  were  more  easily  pre- 
cipitated with  acid  than  the  mucoid  itself. 

Precipitates  of  proteid-mucoid  may  be  formed  by  treating  the 
neutral  or  alkaline  mixture  of  the  two  with  acid,  or  by  adding  the 
neutral  or  faintly  alkaline  fluid  of  the  one  to  an  acidified  solution 
of  the  other.  Even  solid,  freshly  precipitated  mucoid  combines  with 
proteid  when  it  is  mixed  with  a  solution  of  the  latter  in  the  presence 
of  acid. 

In  these  unions  of  mucoid  with  proteid  it  is  probable  that  the 
chemical  conditions  of  both  the  mucoid  and  the  associated  proteid 
are  changed  by  the  acid  in  such  ways  as  to  favor  combination  of  the 
two.  Mechanical  admixture  does  not  seem  to  account  for  the  results 
obtained. 

The  proteid-mucoid  products  which  were  formed  in  these  experi- 
ments possessed  the  general  properties  of  the  original  tendomucoid. 
They  were  acid  in  reaction,  relatively  insoluble  in  dilute  acid,  yielded 
reducing  substance  and  gtucothionic  acid  on  decomposition  in  dilute 
hydrochloric  acid,  gave  the  common  mucoid  precipitation  reactions, 
neutralized  dilute  alkaline  fluids,  and  were  non-coagulable  in  neutral 
ion-solution.  The  physical  properties  of  the  freshly  precipitated  pro- 
ducts were  occasionally  unlike  those  of  tendomucoid.  Thus  the 
gelatine- mucoid  was  somewhat  gelatinous,  resembling  freshly-precipi- 
tated  aluminium  hydroxide. 

The  nitrogen  content  of  the  proteid-mucoid  compounds  was  always 
higher  than  that  of  the  tendomucoid  itself.  There  were  no  particular 
differences  in  ash-content.  It  is  very  probable  that  divergences 
among  the  results  for  elementary  composition  of  the  mucoids  have 
been  due  heretofore  to  conditions  which  favored  the  production  of 
compounds  containing  variable  proportions  of  associated  proteid 
matter. 
.     It  is  probable,  also,  that  the  mucoids  exist  in  the  tissues  in  complex 
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and  relatively  insoluble  combinations,  such  as  might  be  formed  with 
albuminous  bodies.  That  the  mucoids  in  the  tissues  are  not  merely 
simple  neutral  or  alkaline  ion-compounds,  is  shown  by  the  fact  that 
alkaline  solution  is  required  to  extract  them  satisfactorily.  The  alkali 
used  to  effect  extraction  probably  breaks  up  such  proteid-mucoid 
combinations,  converting  the  mucoid  into  ion-products  that  are 
readily  soluble,  even  in  water. 

The  mere  colloidal  condition  of  the  proteids  does  not  seem  to  have 
accounted  for  the  results  obtained.  Under  conditions  that  would 
have  favored  the  formation  of  proteid-mucoid  compounds,  glycogen 
failed  to  unite  with  the  glucoproteid. 
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By   p.   a.   LEVENE. 

[AvM  {Ae  Deparlm<Ht  of  Pkytiehgieat  Chtmhlry,  Patholagicat  InslituU  e/  tie  A'ne 
Yuri  Stall  Haipitah\ 

I.  The  Emd-Products  of  the  Autolysis  of  the  Testes, 

THIS  communication  is  a  continuation  of  the  work  published  in 
the  Zeitschrift  fiir  physiologische  Chemie,  under  the  title: 
"  Die  Endprodukte  der-  Selbstverdauung  tierischer  Organe," 

The  importance  of  autolysis  as  a  possible  explanation  of  the 
process  of  animal  metabolism  was  indicated  in  that  article,  and  it 
will  suffice,  therefore,  to  report  here  the  analysis  of  the  crystalline 
end-products  of  autolysis  of  the  glands  in  question. 

Following  the  plan  of  the  work  on  the  pancreas  and  the  liver, 
attention  was  directed  to  the  amino-acids,  hexon  bases,  purin  and 
pyrimidin  bases. 

In  a  preliminary  experiment  it  was  found  that  the  autolysis  of  the 
testes  is  similar  to  that  of  other  organs,  —  most  active  in  a  solution 
of  0.2  per  cent  acetic  acid.  The  glands  were  minced  and  allowed 
to  stand  twenty-four  hours  at  room-temperature  in  0.2  per  cent  of 
the  acid.  Sufficient  toluol  and  chloroform  were  added  to  prevent 
bacterial  growth.  After  twenty-four  hours  the  extracts  were  filtered 
through  cloth,  and  allowed  to  stand  at  room-temperature  for  nine 
months.  Care  was  taken  that  the  extracts  had  enough  toluol  and  ' 
chloroform  to  prevent  putrefaction.  At  the  end  of  that  time  the 
solutions  were  neutralized,  heated,  filtered,  and  concentrated  on  the 
water  bath  until  the  beginning  of  crystal  formation. 

Tjrroaiu.  —  Part  of  the  Crystalline  mass  thus  formed  was  dissolved 
in  hot  diluted  ammonia  water  and  decolorized  by  means  of  charcoal. 
The  solution  was  rendered  acid  by  means  of  acetic  acid  while  hot, 
and  filtered.  On  cooling,  tyrosin  separated  in  fine  white  needles. 
Washed  with  alcohol  and  ether,  and  dried  on  toluol  bath,  the  crystals 
showed  a  melting  point  of  315°  C.  (not  corr,). 
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0.1035  gram  of  the  substance  gave,  on  combustion,  0.2270  gram 
COj  and  0.0575  gram  HjO. 
For  CgHiiNOg : 

Calculated :  C  -59,66  per  cent  H  -6.07  per  cert. 

Found ;  C  -3981       "  H  -6.17       " 

The  remainder  of  the  product  of  self-digestion  was  divided  into 
two  parts,  the  smaller  one  for  analysis  of  the  basic  products,  and  the 
larger  part  for  that  of  the  amino-acids. 

Amino-aoid*.  —  For  the  purpose  of  obtaining  the  amino-acids, 
the  mixture  was  concentrated  on  water  bath  to  dryness.  To  remove 
as  much  of  the  adhering  water  as  possible,  it  was  repeatedly  evapo- 
rated with  95  per  cent  alcohol,  and  finally  taken  up  with  absolute 
alcohol,  and  the  acids  transformed  into  their  esters  by  Fischer's 
process.  By  this  process  the  hydrochloric  salts  of  the  esters  were 
formed,  and  these  were  transformed  into  the  free  esters,  also  by  the 
method  of  Fischer.  The  mixture  of  esters  was  divided  by  means  of 
distillation  at  a  pressure  of  9  mm.  into  the  following  fractions : 

Boiling  at  S0°  C.  20.0  grams. 

S0°-7SOC.  Z5.0      '■ 

750-900  C.  49.5      ■' 

90=-105°C.  20.0      " 

lOSo-iaS"  C.  26,8      " 

13S=-1SS°C.  22.S      '■ 

Another  lot  of  the  esters  gave  the  following  fractions : 


750-90°  C.     Z4.0 


All  the  fractions  distilling  below  105°  C.  were  saponified  by  boil- 
ing with  distilled  water,  those  distilling  above  that  temperature  by 
baryta  water  or  by  strong  hydrochloric  acid. 

Fraction  50°  C.  —  It  contained  chiefly  alanin  and  the  other  lower 
amino-acids. 

The  fraction  was  saponified  and  evaporated  to  dryness.  The  dry 
residue  was  extracted  with  absolute  alcohol,  and  the  alcoholic  residue 
dissolved  in  a  little  boiling  water.  On  standing,  there  formed  only 
a  very  slight  crystalline  precipitate;  to  the  mother  liquid  absolute 
alcohol  was  added   in   quantity  siiflicient   to  produce   turbidity.     It 
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was  then  allowed  to  crystallize.  The  substance  thus  formed  was 
recrystallized  out  of  diluted  alcohol,  and  on  analysis  proved  to  con- 
sist of  alanin  contaminated  slightly  with  other  amino-acids.  The 
mother  liquid  from  the  alcoholic  precipitate  was  treated  with  ether, 
and  the  sediment  thus  formed  dissolved  in  hot  water;  to  this  solu- 
tion alcohol  was  added  until  the  clear  solution  became  turbid.  On 
standing,  there  formed  a  crystalline  deposit.  This  was  filtered, 
washed  with  absolute  alcohol  and  ether,  dried  in  vacuum  desiccator 
over  sulphuric  acid,  and  finally  in  xylol  bath. 

The  substance  had  the  following  composition  : 

0. 1734  gm.  gave,  on  combustion,  0.2560  gm.  of  COj  and  o.  IIS6  gm, 
of  HjO. 

For  CaHjOjN  : 

CalcuUied :  C  — W  45  pti  cent  H  -7.87  per  cent. 


Fraction  sd'-jj"  C.  —  This  was  saponified  like  the  previous  frac- 
tion, evaporated  to  dryness,  and  extracted  with  alcohol.  The  residue 
was  dissolved  in  just  enough  boiling  water  to  accomplish  solution. 
It  was  then  allowed  to  stand  twenty-four  hours.  There  formed  a 
crystalline  precipitate  consisting  chiefly  of  leuctn.  The  mother  liquid 
was  treated  with  copper  oxide,  filtered,  the  filtrate  concentrated  on 
water  bath  until  it  began  to  crystallize.  It  was  then  allowed  to  stand 
twenty-four  hours,  and  filtered.  The  filtrate  was  again  concentrated 
to  a  syrup,  and  again  allowed  to  stand  over  night  There  formed  a 
second  precipitate.  This  second  precipitate  was  redissolved  in  an 
excess  of  boiling  distilled  water.  The  solution  was  allowed  to  stand 
over  night  and  filtered.  The  filtrate  was  again  concentrated.  The 
precipitate  then  formed  was  filtered,  washed  with  alcohol  and  ether, 
dried  in  vacuum  desiccator  over  sulphuric  acid,  and  finally  in  toluol 
bath. 

It  had  the  following  composition: 

0.2029  gm.  of  the  substance  gave,  on  combustion,  0.2661  gm.  CO, 
and  0.107s  gm.  HjO  and  0.0614  gm.  CuO. 

For(C,HgOaN)aCu: 


Calculated : 

C  -3S.9S  per  ceni 

H 

-5,99  per  cent 

Cu  -Z3.S9  per  cent. 

Found : 

C  -35.78      '■ 

H 

-S.88      " 

Cu  -24.16      " 

The  substance  thus  has  the  composition  of  the  copper  salt  of  an 
iminobutyric  acid.    Aminobutyric  acid  has  not  as  yet  been  identified 
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among  the  decomposition  products  of  proteid  material,  and  therefore 
further  investigation  is  necessary  in  order  to  establish  the  true  nature 
of  this  substance. 

One  other  observation  makes  it  probable,  however,  that  the  sub- 
stance was  an  aminobutyric  acid.  The  mother  liquid  of  the  copper 
salt,  consisting  apparently  of  copper  salts  of  some  amino-acids 
soluble  in  water,  was  joined  to  an  analogous  solution  obtained  from 
the  next  fraction,  and  then  treated  with  alcohol.  On  prolonged 
standing  there  formed  a  precipitate  which  was  redissolved  in  very 
little  hot  water,  and  alcohol  was  added  until  the  clear  solution  just 
began  to  turn  turbid.  On  standing,  a  precipitate  again  formed,  which 
was  washed  and  dried  in  the  usual  manner.  It  had  the  following 
composition  : 

0.1340  gm.  of  the  substance  gave  0.1746  gm.  CO,,  and  ao725  gm. 
HjO. 

For  (C,HgOaN)j  Cu : 


Here  again  we  have  the  composition  of  a  copper  salt  of  amino- 
butyric acid. 

Fraction  JS^-go"  C-  —  This  was  treated  in  exactly  the  same  manner 
as  the  previous  fraction.  The  second  copper  salt  was  analyzed  with 
the  following  result : 

0.1930  gm.  of  the  substance  gave,  on  combustion,  0.2895  %.^-  ^^ 
CO,.  0.1230  gm.  of  HjO,  and  0.0575  gm.  of  CuO. 

ForCC6H,„0,N),Cu: 


Calculated : 

C  -40,68  |.er  c< 

nt         H  -6.78  per  cen 

-2135  per 

Found : 

C  -40.91       ■' 

H  -7-07       ■• 

Cu 

-21.26       ■ 

The  substance  thus  had  the  composition  of  the  copper  salt  of 
amino-valerianic  acid. 

Fraction  go''-/oj°  C.  —  This  fraction  was  saponified,  evaporated  to 
dryness,  and  extracted  with  absolute  alcohol  like  the  previous  one. 
It  contained  chiefly  leucin.and  also  aminovalerianic,  and  perhaps  the 
lower  acids.  The  most  insoluble  part  of  the  fraction  was  twice 
recrystallized  out  of  water,  washed  with  alcohol  and  ether,  and  dried 
in  xylol  bath.  It  had  a  melting  point  of  295°  C.  (not  corn),  and  the 
following  composition:  0.2100  gm.  of  the  substance  gave,  on  com- 
bustion, 0.4235  gm.  COj.  and  0.13870  gm.  HjO. 
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PTTroUdinoorboxjriio  acid.  —  The  combined  alcoholic  extracts  of  all 
the  fractions  were  evaporated  lo  dryness  and  the  residue  extracted 
with  hot  absolute  alcohol.  On  cooling  there  formed  a  precipitate 
which  was  removed  by  filtration,  and  the  filtrate  again  evaporated  to 
dryness.  The  operation  of  evaporating  and  extracting  the  residue  with 
hot  absolute  alcohol  was  repeated  several  times  until  a  residue  was 
obtained  which  was  entirely  soluble  in  absolute  alcohol.  The  last 
residue  was  dissolved  in  water  and  treated  with  copper  oxide.  The 
filtrate  was  evaporated  to  dryness,  and  the  residue  extracted  with 
hot  absolute  alcohol.  Part  of  it  remained  insoluble  in  alcohol. 
However,  it  did  not  have  the  properties  of  the  copper  salt  of  the 
inactive  pyrrolidincarboxylic  acid.  It  crystallized  from  aqueous 
solution  without  water  of  crystallization,  and  had  the  following 
composition  : 

0.1265  g"i-  gave,  on  combustion,  o.  1 820  gm.of  COj,  and  0.0698  gm. 
of  HjO,  and  0.0335  gni.  of  CuO. 

For  (CsHgOgN)^  Cu : 

Calcuiiied:        C  -*1.24  per  ceni         H  -5.50  pet  cent        Cu  -21.55  per  cent. 

For  (CjHiaOjNjj  Cu  : 


The  substance  consisted  apparently  of  aminovalerianic  acid.  The 
alcohol  soluble  part  was  evaporated  to  dryness,  dissolved  in  water, 
and  treated  with  sulphureted  hydrogen.  The  filtrate  was  evaporated 
to  dryness  and  the  residue  taken  up  in  hot  alcohol.  However,  it  was 
impossible  to  crystallize  the  active  a-pyrroHdincarboxylic  acid  from 
this  solution.  It  is,  however,  possible  that  the  acid  was  present  in 
very  small  quantities,  and  that  the  impurities  present  in  the  residue 
hindered  its  crystallization. 

Fractions  105°-! jo°  C-  and  ijo°-r6o''  C.  —  These  fractions  con- 
tained the  dibasic  amino-acids  and  phenylalanin.  The  phenylalanin 
was  separated  from  the  other  acids  according  to  Fischer's  method  in 
the  following  manner:  The  esters  were  taken  up  in  ether  and  re- 
peatedly shaken  in  a  separatory  funnel  with  distilled  water.     The 
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phcnylalanin  ester  thus  remains  in  the  ethereal  solution,  being  insolu- 
ble in  water,  while  the  other  esters  are  in  the  aqueous  solution. 

Phenylaianin.  —  The  ethereal  solution  was  taken  up  with  strong 
hydrochloric  acid,  and  the  ether  allowed  to  evaporate  at  low  tempera- 
ture. On  prolonged  standing,  crystals  of  the  hydrochloric  salt  of 
phcnylalanin  separated  out.  These  were  removed  from  the  mother 
liquid  on  suction  funnel,  and  dissolved  in  water  containing  an  excess 
of  ammonia.  This  solution  was  then  evaporated  nearly  to  dryness, 
allowed  to  cool,  and  filtered  on  suction  funnel.  The  residue  was 
twice  recrystalli2ed  from  water. 

The  substance  thus  obtained  and  dried  in  xylol  bath  had  the  fol- 
lowing composition : 

ai420  gm.  of  the  substance  gave,  on  combustion, 0.3580  gm.  CO,, 
and  0.0840  gm.  H3O. 

ForCBH„OiN: 


Aspartla  aold.  —  The  aqueous  solution  containing  the  dibasic  acid 
was  saponified  by  heating  on  the  water  bath  with  barium  hydrate  and 
water.  On  cooling,  the  basic  barium  salt  of  aspartic  acid  separated 
out.  The  barium  was  then  removed  quantitatively  by  sulphuric  acid, 
and  the  solution  of  the  free  acid  concentrated  at  diminished  pressure 
until  it  began  to  crystallize.  The  acid  was  recry stall ized  from  water. 
For  analysis  the  substance  was  dried  in  xylol  bath. 

0.1085  g"'-  o^  ^^^  substance  gave,  on  combustion,  0.146  gm.  of  CO, 
and  0.0540  gm,  of  HjO. 

For  C^H,O^N : 


Glutamic  acid  was  obtained  from  the  filtrate  of  the  basic  barium 
salt  of  aspartic  acid.  The  barium  was  removed  quantitatively  by 
sulphuric  acid,  and  the  filtrate  from  barium  sulphate  concentrated  to 
dryness  at  diminished  pressure.  The  residue  was  dissolved  in  strong 
hydrochloric  acid,  and  through  this  solution  dry  hydrochloric  acid 
was  passed.  The  solution  was  kept  in  cooling  mixture  during  the 
operation.  Only  on  prolonged  standing  did  a  crystalline  sediment 
appear.  This  was  re-crystallized  from  water,  washed  with  cold 
absolute   alcohol,  and   saturated   with    dry  hydrochloric   acid.     The 
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yield  of  the  substance  thus  obtained  was  very  small.  It  had  the 
following  composition : 

0.1710  gm.  of  the  substance  gave,'oncombustion,o.2isogm.  of  CO, 
and  a077S  gm,  of  H,0. 

ForCH„0,NHCl: 


ClcuUted: 

C -32  75  per  cent 

H  -S.40  per  cent. 

Found : 

C  -32.63       " 

H  -S.06       ■• 

Pniin  bases.  —  The  purin  bases  were  separated  by  means  of 
Hopkins'  solution  of  mercuric  sulphate;  the  precipitate  thus  ob- 
tained was  decomposed  by  sulphureted  hydrogen.  The  adenin  and 
guanin  fractions  were  so  small  that  the  substances  could  not  be 
purified  for  analysis.  The  hypoxanthin  was  transformed  into  the 
silver  nitrate,  and  dried  in  a  vacuum  desiccator  over  sulphuric  acid. 

0.1345  g"^-  <^f  substance  gave  0.0470  gm.  Ag. 

For  CsHjN^O.     Ag  N.O, : 

Calculated :  Ag  -35,26  per  cent. 

Found:  Ag -34,93       " 

The  filtrate  from,  hypoxanthin  silver  nitrate  gave,  on  addition  of 
ammonia,  a  flocculent  precipitate  which  was  not  analyzed. 

Pyrlmidiu  and  hexon  baaes.  —  It  was  attempted  to  separate  the 
pyrimidin  and  hexon  bases  by  means  of  Hopkins'  mercuric  sulphate 
solution.  Kossel  had  already  used  this  reagent  for  sef)arating  cytosin, 
and  also  for  purifying  hiatidin.  The  application  of  the  reagent  for 
the  separation  of  the  three  "  hexon "  bases  resulting  from  acid 
hydrolysis  of  proteids  will  be  communicated  later.  Here  it  will 
suffice  to  state  that  it  was  impossible  to  demonstrate  by  this  process 
the  presence  of  either  the  pyrimidin  bases  or  of  arginin  and  histidin. 
It  is  impossible  to  say  at  present  whether  or  not  the  substances  are 
actually  absent  among  the  end-products  of  the  autolysis  of  testes. 
Investigations  of  this  problem  are  in  progress.  Equally  futile  were 
the  attempts  to  obtain  lysin.  The  filtrate  from  arginin  and  histidin 
fractions  was  freed  from  mercury,  and  the  filtrate  treated  with  phos- 
photungtic  acid.  The  precipitate  thus  formed  was  decomposed  in 
the  usual  manner,  and  the  solution  freed  from  phosphotungtic  acid, 
concentrated  to  the  thickness  of  a  syrup,  and  treated  with  an  alcoholic 
solution  of  picric  acid.  The  precipitate  thus  formed  consisted  chiefly 
of  ammonium  picrate.  The  mother  liquor  was  freed  from  picric  acid 
by  means  of  sulphuric  acid  and  ether.    The  sulphuric  acid  was  then 
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removed  by  means  of  barium  hydrate,  and  the  filtrate  from  the  barium 
sulphate  concentrated  to  a  thick  syrup.  On  standing,  it  solidified  to 
a  semi-crystalline  mass,  soluble  in  methyl  alcohol,  and  insoluble  in 
ethyl  alcohol.  The  substance  turned  red  in  presence  of  alkali,  and 
very  light  yellow  on  neutralization.  The  nature  of  the  substance  is 
not  as  yet  established.  Thus  the  presence  of  lysin  among  the  end- 
products  of  the  autolysis  of  the  testes  remains  uncertain.  Further 
investigations  in  that  direction  are  in  progress. 

II.  The  End-Pboducts  of  the  Autolysis  of  the  Spleen. 

The  end-products  of  the  autolysis  of  the  spleen  were  investigated 
recently  by  Leathes.  The  number  of  amino-acids  identified  by  him 
was,  however,  few,  and  those  that  had  been  separated  were  obtained 
in  very  small  quantities.  In  the  present  paper,  there  will  be  com- 
municated only  the  results  of  the  analysis  of  the  amino-acids  appear- 
ing on  autolysis  of  the  gland.  The  methods  employed  in  the  work 
were  exactly  the  same  as  those  employed  for  the  analysis  of  the  sub- 
stance obtained  under  similar  conditions  from  the  testes. 

The  following  fractions  of  the  esters  were  obtained : 

50=  C.  -12.0  grams. 

50-80°  C, -18.0     '■ 

80-100=  C.  -26.5     " 

100-130°  C. -11.5     " 

130-160«  C.  -H.5     *• 

Fraction  under  $o°C.  —  This  consisted  chiefly  of  alanin,  and  perhaps 
of  the  other  lower  acids. 

The  substance  used  for  analysis  had  the  following  composition : 

0.1360  gm.  of  the  substance  0.2030  gm.  COj  and  0.0963  gm. 
H3O. 

For  CaHjOaN  ; 


Fraction  50°  —  80°  C.  —  This  fraction  consisted  of  leucin,  amino- 
valerianic,  and  aminobutyric  acids. 

The  copper  salt  of  the  aminobutyric  acid  used  for  analysis  had  the 
following  composition : 

0.1935  gm.  of  the  substance  gave,  on  combustion,  0.2515  gm.  COj, 
0.1000  gm.  of  HjO  and  0.0582  gm.  of  CuO. 
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For  (C^HgOjN),  Cu: 


Calculated: 

C  -3S  9S  per  cen 

H  -5.99  per  cen 

Cu  -23.59  pe 

Found: 

C  -35.44       " 

H  -5.83       " 

Cu  -24.02 

Fraction  8o°  —  ioo°  C.  —  This  coDsisted  chiefly  of  leucin  and  amino- 
valerianic  acid. 

The  copper  salt  of  the  amino  valerianic  acid  used  for  analysis  had 
the  followit^  composition: 

0.1590  gm.  of  the  substance  gave  0.2410  gm.  COj,  0.0976  gm. 
HjO,  and  0.0425  gm.  CuO. 

For  (CBH„OjN)aCu: 


Fraction  80"  —  100°  C.  —  This  fraction  consisted  chiefly  of  leucin 
and  aminovalerianic  acid.  Only  the  most  insoluble  part  of  the  fraction 
was  analyzed.     It  had  the  following  composition: 

0.208D  gm.  of  the  substance  gave,  on  combustion,  0.4165  gm.  of 
leucin  and  0.1835  gm.  of  H,0. 


ForC,H,jO,N: 


o-PyiToUdiiicaTboxylla  aold.  —  The  alcoholic  extracts  were  treated 
in  the  manner  already  described.  An  alcohol  soluble  and  insoluble 
copper  salt  were  obtained.  The  alcohol  insoluble  salt  did  not  have 
the  properties  of  the  pyrrolidincarboxylic  acid.  On  prolonged  stand- 
ing of  the  alcoholic  solution  of  the  other  fraction  a  very  small  pre- 
cipitate appeared  which  had  all  the  characteristic  properties  of  the 
inactive  a- pyrrolidincarboxylic  acid.  The  blue  salt  turned  purple  on 
drying,  gave  the  pyrrol  color  test,  and  developed  on  heating  the  odor 
of  pyrrolidin..  There  was,  therefore,  no  doubt  that  pyrrolidincar- 
boxylic acid  was  present  this  time  among  the  end-products  of 
autolysis  of  the  spleen.  There  was  not  enough  of  the  substance 
for  analysis.  I  wish  to  remark  here  that  several  years  ago  I  ob- 
tained a  similar  result  while  working  on  the  end-products  of  autolysis 
of  the  pancreas.  Repeating  the  experiments  later,  I  failed,  however, 
to  find  the  substance.  I  also  failed  to  find  the  acid  on  self-digestion 
of  other  glands.  It  seems  at  present  that  pyrrolidincarboxylic  may 
be  found  in  very  small  quantity  among  the  products  of   autolysis. 
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The  conditions  necessary  for  its  appearance  will  have  to  be  studied  in 
greater  detail,  the  pyrrol  being  of  great  importance  for  the  economy 
oE  the  organism. 

Fractions  ioo°~ijo°  and  tjo°-i6o°  C.  —  Phenylalanin,  aspartic, 
and  glutamic  acids  were  identified  in  these  fractions.  The  analysis  of 
phenylalanin  gave  the  following  results: 

0.1718  gm.  of  the  substance  gave,  on  combustion,  0.3785  gm,  of 
CO3,  and  0.1020  gm.  of  HjO. 

For  CbH,iO,N  : 


The  analysis  of  the  aspartic  acid  gave  the  following  results: 
0.1230  gm.  of  the  substance  gave  ai650gm.  of  COj  and  0-058  gm. 
of  H,0. 

For  C^H^O^N : 

Cakulaied :  C  -36.09  per  cent  H  -5,26  per  ccni. 

Found :  C  -36.58       "  H  -S  25       " 

The  analysis  of  the  hydrochloric  acid  salt  of  the  glutamic  acid  gave 
the  following  results : 

'^■'^55  g'^-  of  the  substance  gave,  on  analysis,  the  following  results : 

0.125S  gm,  of  the  substance  gave,  on  combustion,  0.1520  gm.  of 
COj,  and  0.0530  gm.  of  HjO. 

ForCsHBO^NHCI: 


Tyrosin  was  also  obtained  in  the  same  manner  as  in  the  analysis 
of  the  end-products  of  selfndigestion  of  the  testes.  The  analysis 
gave  the  following  results: 

0.1500  gm.  of  the  substance  gave,  on  combustion,  0.3268  gm.  of 
CO,  and  0.845  g™-  of  H,0. 

For  C^HiiOaN : 


Thus  all  the  animal  glands  so  far  studied  form,  on  prolonged  self- 
digestion,  similar  end-products.  There  seems,  however,  to  be  a 
marked  difference  in  the  proportions  of  the  various  substances  occur- 
ring during  the  autolysis  of  different  glands.  This  will  be,  however, 
the  topic  of  special  investigation. 
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THE  EFFECT  OF  SUPRARENAL  EXTRACT    UPON    THE 
PUPILS  OF  FROGS. 

Bv   S.  J.    MELTZER  and  CLARA   MELTZER   AUER. 

[/■««  Iht  RiKkffiller  Inzlitiitt.1 

SUBCUTANEOUS  injections  of  suprarenal  extract  have  no  effect 
upon  the  width  of  the  pupils  in  mammals.  Neither  do  instilla- 
tions into  the  conjunctival  sac  exert  any  influence.  These  facts  were 
established  by  Lewandowsky  and  many  other  investigators.  In  our 
recent  study  upon  rabbits  and  cats,^  we  have  established  that  subcu- 
taneous injections,  as  well  as  instillations  of  adrenalin,  readily  cause  a 
dilatation  of  the  pupil,  when  the  corresponding  superior  cervical 
ganglion  has  been  previously  removed.  On  the  other  hand,  we  have 
amply  confirmed  the  statements  of  previous  writers  that  in  normal 
animals  neither  instillations  nor  subcutaneous  injections  exert  any 
efTect,  no  matter  how  large  a  dose  was  administered.  And  even  after 
a  previous  section  of  the  sympathetic  nerve,  which  has  a  distinctly 
favoring  effect  upon  the  constriction  of  the  blood-vessels,  such  ad- 
ministration of  adrenalin  exerts  hardly  any  influence  upon  the  dila- 
tation of  pupil.  The  only  method  of  application  which  causes  a 
dilatation  of  the  pupil  in  normal  mammals  is  intravenous  injection. 
But  even  here  the  dilatation  lasts  less  than  one  minute, 
i  In  the  further  pursuance  of  our  studies,  we  now  find  that  in  normal 
frogs  a  subcutaneous  injection  of  adrenalin  readily  causes  a  dilatation 
of  the  pupils  which  lasts  longer  than  we  have  ever  observed  in  mam- 
mals, even  after  removal  of  the  superior  cervical  ganglion.  The 
same  is  true  also  of  instillations  into  the  conjunctival  sac. 

The  pupil  in  frogs  is  of  an  oval  shape,  with  the  long  axis  horizontal 
and  the  anterior  pole  somewhat  angular.  There  is  a  slight  notch  on 
the  lower  border.  The  iris  stands  out  very  prominently  between  the 
black  pupil  and  the  yellowish  white  sclera;  the  pupillary  border 
presents  a  well-defined   golden  line  nearly  half  a  millimetre  wide, 

'  Meltzer  and  AUER:  This  journal,  1904,  xi,  p.  l8. 
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while  the  rest  of  the  fairly  broad  iris  looks  as  if  it  were  more  or  less 
thickly  covered  with  gold  dust.  The  normal  pupil  reacts  to  light 
slowly  but  distinctly. 

The  effect  of  adrenalin  upon  the  pupil,  whether  applied  by  subcu- 
taneous injection  or  instillation,  is  to  increase  all  its  diameters,  but 
primarily  and  most  extensively  the  vertical  one,  causing  the  pupil  to 
become  almost  entirely  round.    The  notch  becomes  nearly  obliterated. 

We  shall  illustrate  our  observations  by  a  few  abbreviated  protocols 
of  experiments. 

Injections  into  the  Lymph  Sacs. 
Experiment  1.     May  1-i,  1904.  — Large  frog;  pupils  moderately  dilated. 
5.00  p.  M.     Injected  into  dorsal  sac  o.t  c.c.  adrenalin  (1  :  1000). 
5.08.     Pupils  a  trifle  dilated,  anterior  pole  rounder. 
5.15.     Pupils  wider,  rounder.     Upper  part  of  iris  very  narrow  ;  pupils 
do  not  react  to  light.     ( Left  pupil  not  as  large  as  right  —  small  corneal 
infiltration.) 

5.30  and  8.00.  Condition  the  same. 
Miry  14-  — 8.30  A.M.  Pupils  smaller  than  before,  but  still  somewhat  dilated. 
2.00  p.  -M.  Pupils  almost  same  as  before.  At  no  time  was  there  any 
prostration  of  the  animal.  A  subcutaneous  injection  of  a  small  dose  of 
adrenalin,  which  had  otherwise  no  effect  upon  the  frog,  caused  in 
eight  minutes  a  dilatation  of  the  pupils  which  lasted  about  twenty-one 
hours. 

Experiment  i'.    M<iy  IS,  1904-  —  Small  frog,  pupils  moderately  dilated. 

5.02  p  M.     injected  into  dorsal  sac  0.05  c.c.  adrenalin. 

5.10.     Pupils  widely  dilated,  almost  round  ;  do  not  react  to  light. 

5.30.     Condition  same. 

5.45.     Pupils  a  trifle  smaller  again,  not  quite  as  round  as  before. 

8.30.  Pupils  about  same  as  before  injection.  Such  a  small  dose  as 
0.05  c.c.  brought  out  a  distinct  dilatation  of  the  pupils  in  eight  minutes  ; 
but  here  the  dilatation  began  to  disappear  already  in  forty-five  minutes,  and 
was  gone  entirely  in  a  few  hours. 

Experiment  3.     May  16,   2904-  —  Large  frog  ;  pupils  equal. 
9.06  A.  M.     Injected  into  dorsal  sac  0.3  c,c.  adrenalin. 
9.14.     Beginning  dilatation  very  definite  in  both  diameters. 
9.30.     Pupils  dilated  to  about  1  i  times  their  original  size ;  react  very 
slightly  to  light. 

9.47.     Second  injection  of  0.3  c.c.  into  ventr.il  sac. 
10.01.     Pupils  wider  than  before  ;  animal  quiet. 
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10.30.     Pupils  a  little  narrower  again.     Animal  prostrated. 
4.25  P.M.     Pupils  wide  as  last  note. 

8.30  P.M.     Pupils  still  wide,  but  less  than  before.     Observalion  dis- 
continued. 

Experiment  i-     May  16,  tOOi-  —  Medium-sized  frog  ;  pupils  equal,  horizontal 
diameter  5J  mm.,  vertical  4  mm. 

3.50  p.  M.     Injected  o.j  c.c.  adrenalin  into  dorsal  sac. 
3.55.     Both  pupils,  horizontal  diameter  as  hefore.  vertical,  4^. 
4.C6.     Hori^.ontal,  5!];  vertical,  5  mm. 
5.00  and  8,20.     No  change. 

6.00  p.  M.,  May  17.     Right  pupil,  S  X  4^ ;  left,  5X4. 

Experiment  5.     May  16,  1904-  —  Medium-sized  frog ;  pupils  equal,  4X3. 

4.01  p.  M.     Injected  0.5  c.c,  into  dorsal  sac. 
4.04.     4i(  X  4  :  both  pupils  equal. 

4.26,     4l  X  4^  ;  pupils  equal. 

S-io.     Right.  4i  X  4;  left,  4I  x  4i- 

8.20.    Both  pupils.  5x4  mm. 

6  P  M.,  May  17.     Both  pupils,  4i  X  3J.     Observation  discontinued. 

Many  other  experiments  have  given  similar  results. 

A  small  dose  of  o.i  c.c.  ot  adrenalin  will  generally  have  the  same 
effect  upon  the  pupils  of  a  frog  as  a  dose  of  0.5  c.c.  and  more.  While, 
however,  the  latter  dose  will  invariably  cause  a  pronounced  prostra- 
tion of  the  animal,  a  dose  pf  o.i  c.c.  has  no  other  perceptible  effect 
upon  the  frog  than  the  dilatation  of  the  pupils.  A  smaller  dose  than 
O.I  c.c.  might  also  have  some  effect  upon  the  pupils,  but  the  effect 
apparently  passes  off  much  sooner.  The  dilating  effect  set  in  three 
to  eight  minutes  after  the  injection.  The  first  effect  was  always 
observed  to  take  place  in  the  vertical  diameter.  Sooner  or  later, 
however,  the  horizontal  diameter  also  invariably  bficame  longer. 
Proportionately  the  vertical  diameter  was  almost  always  the  more  af- 
fected one;  hence,  the  change  to  the  round  shape. 

The  reaction  to  light  was  almost  always  absent. 

The  dilatation  was  rarely  a  maximum  one;  there  remained  all 
around  a  perceptible  portion  of  the  iris.  The  golden  pupillary  line  of 
the  iris  became  in  all  cases  distinctly  narrower.  The  maximum 
effect  lasted  in  some  cases  many  hours,  in  others  only  a  compara- 
tively short  time — tn  some  cases  even  less  than  an  hour.  The 
reduction,  however,  was  usually  only  a  trifle,  most  of  the  dilatation 
continued  for  many  hours,  and  in  some  cases  a  part  of  it  was  uninis- 
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takably  present  twenty-four  hours  and  more  after  the  subcutaneous 
injection. 

The  Effect  of  Instillation. 
Instillation  of  a  few  drops  of  adrenalin  into  the  conjunctival  sac  of 
one  eye  had  invariably  a  dilating  effect  upon  the  pupil  of  that  eye. 
Usually  the  closure  of  the  (lower)  lid  rapidly  wipes  away  anything 
which  is  applied  to  the  eye.  Most  of  the  instillations  were  carried 
out  by  pushing  a  fine  pipette  between  the  bulbus  and  the  lid.  Two 
to  three  drops  of  adrenalin  were  sufficient  to  bring  out  in  three  to 
seven  minutes  a  dilatation  of  the  pupil  which  was  as  strong  and  lasted 
as  long  as  when  produced  by  subcutaneous  injection.  .  However,  to 
meet  the  objection  that  by  pushing  the  pipette  into  the  conjunctival 
sac  some  of  the  epithelium  might  have  become  abraded,  in  some 
cases  the  adrenalin  was  simply  dropped  on  the  eyeball  without  touch- 
ing it.  In  these  experiments  also  the  pupil  became  dilated,  but  usu- 
ally a  longer  interval  passed  before  the  dilatation  set  in.  In  some 
cases,  especially  when  more  drops  were  used,  the  other  pupil  also 
became  slightly  dilated,  due  apparently  to  an  absorption  of  some 
adrenalin  into  the  circulation.  In  most  cases,  pains  were  taken  to 
wipe  away  any  adrenalin  flowing  over  the  surface  adjoining  the  eye, 
—  in  order  to  avoid  absorption  through  the  skin  or  through  the  nasal 
orifices.     The  following  are  a  few  illustrations  of  experiments: 

Experiment    6.      May    16,     lOOi.  —  Medium-sized    frog;     pupils    equal, 
3J  X  aj  mm. 

4. 1 1  p.  M.     Instilled  into  right  sac  one  drop. 

4.15.  Another  drop. 

4.16.  Right  pupil,  3I  X  3. 

4.31.  Right,  4  X  3J;  left.  34  X  3- 
5.01.  Right,  4X4;  left,  3iX3i- 
8.30.     Right,  4  X  33. 

Experiment  7.    May  20, 1904-  —  M ed  1  urn- sized  frog  ;  pupils  equal,  3}  X  3  mm. 
6.0S  p.  M.     Instilled  one  drop  into  right  eye. 
6.09.     Instilled  another  drop. 
6.11.     Right  pupil,  3J  X  3i. 
6.37,     Right,  4X3};  left,  3i  X  3. 
7.09.     Right,  4x4;  left,  3J  X  3- 
10.25.     Right,  4  X  3J;  left,  3!  X  3. 
2.30  A.  M.,  May  21.     Right,  33  X  3i;  left,  3!  X  3. 
8.00.     Both  pupils,  3i  X  3. 
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Experiment  8.    May  23, 190i.  —  Small  frog ;  pupils  equal,  ji  x  ij. 
3-39  p.  M.     Instilled  two  drops  into  right  ^ac. 
3.41.     Instilled  one  drop  into  right  sac. 
2.43.     Right  pupil,  4  X  33. 
a.54.     Right,  4  X  3i( ;  left.  3I  X  i}. 
3.57.     Injected  into  dorsal  sac  0.3  c.c.  adrenalin. 
3.59.     Right,  4  X  3J  ;  left,  3i  X  3i. 
405.     Right  and  left,  4  X  3J. 
8.15.     Right  and  left,  4  x  3^. 
8.50  A.M.,  May  34.     Right  and  left,  3}  x  3. 
10.45.     Kight  and  left,  3^  X  2%. 

In  this  last  experiment  the  subsequent  subcutaneous  injection  did 
not  increase  the  dilatation  of  the  right  pupil  brought  on  by  instilla- 
tion, nor  did  the  degree  of  the  dilatation  of  the  left  pupil  brought  on 
by  the  injection  differ  from  that  of  the  right  pupil.  There  was  also 
no  difference  between  the  two  pupils  in  the  duration  of  (he  dilatation. 

In  another  series  of  experiments  the  effect  of  adrenalin  upon  the 
pupils  was  studied  after  the  elimination  of  the  central  nervous  sys- 
tem. We  shall  record  the  results  briefly  without  illustrating  them 
by  experiments. 

1.  The  cord  was  severed  just  below  the  medulla  oblongata.  It 
often  occurred  that  after  the  operation  the  pupils  became  very  small. 
In  such  animals  the  effect  of  injection  as  well  as  of  instillation  was 
indeed  striking.  From  small  slillike  apertures  the  pupils  became 
large  and  round,  as  large  and  larger  than  in  normal  animals. 

2.  When  the  head  was  cut  off  at  a  line  connecting  the  anterior 
borders  of  the  ear  drums,  instillation  into  the  conjunctival  sac  brought 
out  a  prompt  dilatation  of  the  pnpil. 

3.  Finally,  in  carefully  excised  eyes,  dropping  of  adrenalin  upon 
the  corneal  surface,  brought  on  promptly  a  dilatation  of  the  pupil 
which  lasted  many  hours.  The  effect  was  still  distinct,  even  when 
the  application  of  the  adrenalin  took  place  about  five  hours  after 
excision,  if  the  eyes  were  kept  moist.  When  applied  seven  hours 
after  excision,  the  effect  was  slight  and  brief. 

The  most  interesting  fact  of  our  observations  ia  the  striking 
difference  between  frogs  and  mammals-  While  in  normal  frogs  a 
subcutaneous  injection  or  instillation  of  suprarenal  extract  has  an 
unmistakable  effect  upon  the  pupils,  such  an  effect  can  be  obtained 
in  mammals  by  these  methods  of  administration,  only  some  time  after 
the  removal  of  the  superior  cervical  ganglion,  and  even  then  the 
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eflect  U  by  far  not  so  prolonged  as  seen  in  frogs.  We  shall  not 
enter,  for  the  present  at  least,  into  a  discussion  of  the  possible  nature 
of  this  difference. 

It  is  noteworthy  that  the  dose  which  is  capable  of  bringing  out  a 
maximum  efifcct  upon  the  pupils  in  frogs,  is  only  a  small  fraction  of 
that  which  is  necessary  to  produce  a  general  effect.  A  further  increase 
of  the  dose  neither  increases  the  dilatation  of  the  pupil  nor  docs  it 
essentially  prolong  the  effect. 

The  length  of  the  effect  is  especially  noteworthy.  The  chief 
knowledge  of  the  effects  of  the  suprarenal  extract  is  derived  from 
intravenous  injections.  By  this  method  of  application  the  effect  upon 
the  blood -pressure  lasts  only  five  or  six  minutes,  and  the  effect  upon 
the  pupil  only  about  one  minute.  We  have  shown  that  the  cutting 
of  the  sympathetic  nerve  prolongs  the  effect  upon  the  blood-vessels 
(ears),'  and  the  removal  of  the  superior  cervical  ganghon  prolongs 
the  effect  upon  the  pupil.  But  even  in  these  cases  the  prolongation 
rarely  exceeds  two  or  three  hours.  In  the  observations  on  normal 
frogs,  however,  the  pupils  remain  dilated  twenty-four  hours  and 
longer,  and  this  even  in  normal  frogs  with  good  circulation. 

Finally  we  wish  to  call  attention  to  the  fact  that  the  frog's  eye, 
excised  or  in  situ,  might  prove  to  be  a  better  reagent  than  tbe  blood- 
pressure  to  demonstrate  the  efficiency  of  a  suprarenal  preparation. 

'  Meltzer  and  Auer  :  This  journal,  1903,  ii,  p.  2J3. 
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THE  NATURE  OF  CHEMICAL  AND  ELECTRICAL 
STIMULATION.  I.  —  THE  PHYSIOLOGICAL  ACTION 
OF  AN  ION  DEPENDS  UPON  ITS  ELECTRICAL 
STATE  AND   ITS  ELECTRICAL  STABILITY.^ 

By  a.    p.    MATHEWS. 
[firom  the  Hull  Physitliigiial  Latoraloriu  ef  the  Uuivtrsily  of  Chknsi>\ 

IT  is  now  well  established  that  the  chemical  properties  of  an  element 
vary  with  its  electrical  state.  Iodine  in  sodium  iodide  has  differ- 
ent chemical  properties  from  iodine  itself;  nascent  (negative)  hydro- 
gen reduces,  while  positive  hydrogen  oxidizes.  The  same  difference 
exists  between  ferric  iron,  which  oxidizes,  and  ferrous  iron,  which 
reduces. 

The  fact  that  the  chemical  nature  of  any  substance  depends  on  its 
electrical  condition  suggests  at  once  that  its  physiological  or  pharma- 
cological action  will  also  depend  on  the  same  factor,  for  the  living 
protoplasm  is  but  the  seat  of  numerous  chemical  reactions  which  are 
modified  by  the  salts  or  drugs. 

The  evidence  of  the  truth  of  this  conclusion  is  already  abundant. 
VVe  have  long  known  that  ferric  and  ferrous  salts  act  differently.  For 
example,  ferric  salts  are  poisonous  to  Fundulus  embryos  in  -jjauj  con- 
centration, while  ferrous  salts  require  a  concentration  of  35  to  kill  in 
the  same  time.*  The  difference  between  these  salts  is  in  the  electri- 
cal state  of  the  iron.  It  has  long  been  apparent  that  negative  and 
positive  chlorine  must  have  different  actions,  for  the  chlorine  in 
sodium  chloride  stimulates  motor  nerves,  whereas  gaseous  chlorine 
anxsthetizes  them.  It  is  known  also,  that  the  albuminate  of  mercury 
is  less  poisonous  than  mercuric  chloride,  which  contains  so  many  posi- 
tive mercury  atoms.    It  is  clear  from  these  facts  and  the  observations 

'  A  preliminary  report  of  a  portion  of  the  results  in  this  paper  was  published 
in  Science,  igo2,  kv,  p.  492;  Ibid.,  1903,  xvii,  p.  729;  Vale  medical  journal,  June, 
1903.  P-  "■ 

^  Mathews  :  This  journal,  [904,  xi,  p.  298. 
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of  Kahlenberg  and  True,  Kronig  and  Paul,  Pauli,  Cole,  Loeb,'  and 
others,  that  the  physiological  action  of  a  substance  depends  on  its 
particular  electrical  condition.  The  author  has  shown  that  the  poi- 
sonous power  of  salts  is  a  function  of  their  electrolytic  decomposition 
tensions,  and  McGuigan'  has  shown  that  their  anti-fermentative 
powers  depend  on  this  also. 

The  present  paper  contains  further  evidence  in  support  of  the  truth 
of  the  foregoing  propositions,  and  in  addition  thereto  sets  forth  that 
not  only  do  the  atoms  change  their  actions  with  their  electrical  states, 
but  that  they  act  by  means  of  their  electrical  condition  or  their  electrical 
charges  ;  and  that  positively  and  negatively  charged  ions  have  opposite 
actions-  All  ions  of  the  same  sign  act  alike;  but  they  differ  in  the 
degree  of  their  action,  because  the  ease  with  which  tbey  change  their 
electrical  condition,  or  give  up  their  charges,  varies.  This  latter 
factor  is  measured  by  the  solution  tension.* 

While  it  is  not  necessary  to  adopt  the  electron  hypothesis  to  explain 
these  facts,  I  shall,  for  convenience  and  clearness,  express  them  in 
terms  of  that  hypothesis,  and  speak  of  a  charge  or  electron  being  taken 
from  or  added  to  an  atom.  If  this  particular  hypothesis  be  rejected, 
the  essential  facts  demonstrating  the  importance  of  the  electrical  con- 
dition of  the  atom  will  remain  unaltered. 

The  final  conclusion  is  simply  stated  as  follows:  The  ions  of  the 
inorganic  and  organic  salts  in  protoplasm  are  nothing  else  than  very 
minute,  freely  moving  electrodes.  They  are  hence  constantly  stimu- 
lating the  protoplasm  by  means  of  their  electrical  charges.  The  same 
laws  hold  for  the  action  of  these  ions  as  for  the  action  of  electrodes, 
I.  ;.,  the  oppositely  charged  ions  have  opposite  actions;  the  positive 
ion  depresses  most  forms  of  protoplasm,  the  negative  stimulates.* 
The  power  of  any  ion  depends  on  the  potential  of  the  ion,  which  is 
the  reciprocal  of  its  solution  tension,  and  upon  the  factor  correspond- 
ing to  the  density  of  the  current,  i.  e.,  the  concentration  of  the  ion. 
Just  as  in  an  electrode  the  chemical  composition  of  the  electrode  is 

'  Kahlf.nbekg  and  True:  Boianical  Gaiette,  1896,  xxii,  p.  91 ;  KrOkig  and 
Paul  :  Zeilschrift  fiir  Hygiene,  1897,  xxv,  p.  i ;  Pauli  :  Beilrage  zur  chemtschen 
Plijsiologie.  rgoa,  iii,  p.  325 ;  Loeb  :  This  journal,  1902,  vi,  p.  471  ;  Cole  :  Jour- 
nal of  physiology,  1903,  xxx,  p.  202,  282. 

'  McGuiGAN  :  This  journal,  1904,  x,  p.  444. 

'  This  suggestion  concerning  the  physiological  action  of  ions  and  their  solution 
tension  was  first  made  by  Prof.  J.  Stieglitz. 

*  From  other  reasoning,  Strong,  Journal  of  physiology,  1900,  xitv,  p.  427,  has 
also  suggested  that  the  anions  stimulated. 
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of  little  importance,  so  the  chemical  composition  of  the  ion  is  of  little 
importance,  compared  with  the  importance  of  its  electrical  condition. 

This  conclusion  clears  up  many  of  the  actions  of  inorganic  salts  on 
protoplasm,  and  indirectly  also  it  explains  some  of  the  phenomena  of 
electrical  stimulation,  since  such  stimulation  is  due  simply  to  the  accu- 
mulation of  negative  or  positive  ions  in  difTerent  places  in  the  tissue, 
or,  in  other  words,  to  differences  in  concentration  of  the  ions,  as  sug- 
gested by  Nernst.' 

This  conclusion  is  a  result  or  extension  of  the  work  of  many  investi- 
gators, being  foreshadowed  in  the  work  of  Kahlenberg  and  True  and 
Kronig  and  Paul,  when  they  demonstrated  that  substances  acted  by 
their  ions.  It  was  not,  however,  recognized  by  these  investigators. 
Loeb^  first  suggested  that  the  valence  or  possibly  the  electrical 
charge  might  determine  the  action  of  ions,  at  least  in  part.  This 
suggestion  was  made  tentatively,  and  the  facts  Loeb  adduced  were 
not  sufficient  to  show  its  truth.  In  a  later  paper  ^  Loeb  unfortunately 
withdrew  this  hypothesis.  Loeb  did  not  apparently  recognize  that 
this  hypothesis  necessitated  the  conclusion  of  the  opposite  action  of 
oppositely  charged  ions, 

I  have  studied  the  action  of  salts  and  non-electrolytes  on  the  sciatic 
nerve  of  the  frog.  The  whole  sciatic  nerve  and  the  gastrocnemius 
muscle  were  prepared  and  suspended  by  the  femur  in  a  moist  chamber, 
the  muscle  attached  to  a  lever  writing  on  a  drum,  and  the  nerve  im- 
mersed in  a  few  cubic  centimetres  of  the  solution  to  be  tested.  About 
sixteen  hundred  experiments  have  been  tried  at  different  seasons  of 
the  year,  in  order  to  throw  out  seasonal  and  individual  variations,  which 
are  known  to  be  considerable.  I  have  used  the  leopard  frog,  Rana 
pipiens  (Schreber)  almost  exclusively.  The  records  of  all  experi- 
ments were  preserved,  The  concentration  of  the  weakest  stimulating 
solution  has  been  determined  more  accurately  for  some  salts  than  for 
others.    Where  it  is  doubtful,  I  have  put  a  question  mark. 

There  have  been  numerous  studies  of  the  chemical  stimulation  of 
the  motor  nerve  by  solutions  of  electrolytes  and  non-electrolytes,  which 
have  been  well  summarized  up  to  1893  by  Griitzner.*     As  a  result  of 

'  Nersst  :  Zur  Theorie  der  elektrischen  Reizung,  Nachrichten  von  der  KOnig- 
liche  Gesellachaft  der  Wissenschaften  lu  Giitiingen.  Maili.-Physikal.  Klasse. 
1K99,  p.  104. 

'  Loeb  :  Archiv  fijr  die  gesammte  Pbysiologie,  1901,  Ixxxviii,  p.  68 ;  This  jour- 
nal, 190Z,  vi,  p.  4r[. 

■  Loeb:  Archiv  fiir  die  gesammte  Physiologic.  1901,  xci,  p.  ijs- 

*  GrOtzner  :  Archiv  fiir  die  gesammte  Phjsiologie,  1893,  IN,  p-  83. 
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this  work  physiologisls  are  of  the  opinion  that  most  substances  stim- 
ulate by  dehydrating  the  nerve.  Grutzner  and  several  more  recent 
observers,  however,  have  pointed  out  that  some  salts  stimulate  in 
solutions  too  weak  to  dehydrate.  These  salts  evidently  stimulate  in 
some  other  manner  than  by  dehydration,  but  how  they  stimulate  has 
not  been  discovered.  Nor  are  there  accurate  determinations  for  the 
greater  number  of  salts  of  the  minimum  strength  of  solution  which 
will  stimulate.  In  the  absence  of  this  information  it  was  impossible 
to  form  any  probable  opinion  concerning  the  manner  in  which  salts 
stimulated.  At  the  beginning  of  the  investigation  Loeb's '  paper 
appeared,  in  which  it  wa.s  suggested  that  specific  ions,  i.  e.,  sodium, 
hydrogen,  or  hydroxyl  ions,  stimulated  muscle  to  contract,  but,  so  far 
as  I  know,  no  suggestions  have  been  made  that  similar  relations  hold 
for  the  nerve,  although  that  such  was  the  case  was  indicated  by  the 
observations  of  Grutzner,  Limbourg,'  and  others,  who  found  that 
certain  sodium  salts  would  stimulate  in  dilute  solutions.  My  first 
experiments  were  undertaken  to  find  out  the  minimum  strength  of 
solution  of  different  salts  and  non-electrolytes  which  would  stimulate, 
in  order  to  see  whether  stimulation  was  always  due  to  osmesis. 

I.     Non-Electrolytes. 

In  Table  I,  Column  2  gives  the  concentration  of  the  most  dilute 
stimulating  solution.  It  will  be  understood  that  stronger  solutions 
stimulated,  unless  the  contrary  is  stated. 

Bummary:  Non-vlectrolytva.  —  With  the  exception  of  alcohol  and 
acetone,  all  non-clectrolytes  investigated  require  a  concentration  of  at 
least  one-half  molecular  to  stimulate.  Such  a  solution  has  an  osmotic 
pressure  of  twelve  atmospheres,  which  is  about  twice  that  of  the  nerve. 
As  they  do  not  stimulate  in  dilute  solution,  we  may  conclude  that 
these  n  on -electrolytes  stimulate  in  virtue  of  their  concentration,  either 
directly  by  the  extraction  of  water,  or,  what  is  less  probable  (sec 
p.  472),  by  increasing  indirectly  the  concentration  of  salts  in  the  outer 
part  of  the  nerve,  and  thus  causing  a  concentration  chain.  No  non- 
electrolyte  was  found  to  possess  in  isotonic  solutions  a  stimulating 
action  on  the  nerve,  but  it  is  not  impossible  that  such  substances  will 
be  found,  particularly  as  there  are  probably  such  substances  stimulat- 
ing the  nerve  cell.     Strong  reducing  agents  should  stimulate. 

'  Loeb:   Fick's  Festschrift,  Braunschweig,  1900. 

'  LIMBOURG :  Archiv  fiir  die  gesammte  Physiologie,  r887,  xli,  p.  303. 
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II.    Electrolytes. 

Sodiwn  aalu  —  Table  III  shows  a  series  of  experiments  comparing 
the  action  of  the  fluoride  and  chloride  on  the  different  nerves  of  the 
same  frog,  and  a  similar  comparison  of  the  oxalate  and  tbiosulphate. 
These  experiments  illustrate  the  superior  stimulating  power  of  the 
fluoride  and  oxalate. 

Bummar;  and  oodoIubIoiib.  —  Table  IV  shows  the  weakest  solutions 
of  the  sodium  salts  which  will  stimulate,  grouped  by  the  valence  of 
the  anion. 

These  results  may  be  summarized  as  follows:  (1)  All  sodium  salts 
examined  will  stimulate  if  their  solutions  have  an  osmotic  pressure  of 
twelve  to  thirteen  atmospheres.     {2)  With  the  exception  of  the  lodate. 


Subsiai>ce. 
Cine-sugar 

WeakMl 

MimuUlirig 
tululion. 

AppraiimaW 
osmolic  prcs- 

'"'ph'er's"""' 

Lalenl  period 
f..r  weakest 

Remarks. 

" 

12 

18 

Prolonged,  leunie 

Glucose  .    , 

1 

12 

IS 

Prolonged,  letanic 

U.ulo«      . 

"l! 

12 

IS 

SmaM  letarms. 

Glycecine    . 

1 

12 

13 

Ixing  tetanus. 

Urea  .     .    . 

■i 

12 

13 

Very  long  lelanui. 

carbonate,  bicarbonate,  bisulphate,  bichromate,  chromale,  valerianate, 
and  salicylate,  all  will  stimulate  in  solutions  which  have  the  same 
osmotic  pressure  as  the  nerve,  or  a  weaker  pressure.  It  is  clear  from 
this,  that  while  all  sodium  salts  may  stimulate  by  osmosis,  most  of 
them  are  able  to  stimulate  in  some  other  way  than  by  the  extraction 
of  water,  or  by  means  of  concentration. 

Before  proceeding  to  a  discussion  of  the  way  in  which  these  salts 
stimulate,  it  is  first  necessary  to  show  that  they  produce  their  cflect 
by  action  on  the  nerve  and  not  on  the  muscle.  The  long  latent 
period  required  before  the  stimulation  began  with  sodium  chloride 
and  many  of  the  other  salts  led  to  the  suspicion  that  they  were  in 
reality  difl'using  down  the  nerve  into  the  muscle  and  were  producing 
their  effect  in  this  way.     Loeb  had  already  shown  that  sodium  salts 
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TABLE   11. 

Sodium  Salts. 


Co  ncen  Ira- 
stimulating. 


Limiting 


Latent 

per 


Chloride .    ,  . 

Mromide .     ■  . 

Nitrate    .    .  . 

Fluoride .    .  . 

Acetate   .    .  . 

Chlorate .    .  . 

Biomate .    .  . 

lodate     .    .  . 
Permanganate 

Hydrate       .  . 

Formate      .  . 
Sulphocyanide 

Salicylate    .  . 

Valerianate .  . 

Butyrate .    .  . 

Chromate    .  . 

Kiitite     .    .  . 

Oxalate   .    .  . 

Thtosulpbale  . 

Sulphite      .  . 

Sulphate     .  . 

Tartrate.    .  . 
Bicarbonate 


z.  i.t.H.i- 
|,{,|,..A.J, 


I.  i.  \.  f, 
l.l.i.i.i.l 
1.1. 1.  A,  A 
l.J.J.i.l.l 

1.1. 1.1 
1 

1.1.1.  A.  A 
l.i.A.A.A 
1.A.A 
l.l.l.A 


1.A 
1.1 
l.A 

U.l.A.A. 

!%■''■ 

ft-  VS'  A'  fa 


A.  A.  A 
A.  A 
A,  A 

A.  A 
A 

A 

i.l.A 
A.  A 

A.  A 
A.  A 
A.  A 
t.l.A.A 
» 

1.1 

1 

A 
A 

i.i.i.A 


160-240 
180-240 
16(.'H20 
160-240 
20 


Tetanus  and  rhylh' 
Less  than  NaCl. 
Uke  NaCI. 
Like  NaCl. 
High  tetanus. 

rhythmic. 
Very     prolonged 

Long  thythmi 


Short,  high   t' 
Short,  high  t 
Long  rhythmi 
I    Like  NaCl. 


NaCl. 

I  Like  NaCl. 
High  tetanus. 
Low  tetanus. 
Low  tetanus. 
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ng.   In  terms 

ot  mulecular 

solution . 


Concenlra- 

stimulaling. 


Carbonate   . 


V\.\. 


Add  phosphate  .  . 
Ui-Bodium  phosphate 
Di-sodium  arsenate  . 
ni-sodium  araenite  . 

RichronMte  .... 
Ferricyanide  .  .  . 
Tri-iodium  citrate 


i.j.i. 

fe 
A.  A 
J.  A 
ii 
A.  A. 


M- 


t 


A 
A 

A       ' 
i.  1.1,1 

A 


TeUnas. 
Rhythmic. 

I.oiig  tetaT 


Long,  high   t 
Highiennua. 


Salt. 

Concentration. 

Latent  period. 

Contractions. 

,  INaCI 

i 

120 

20 

Rhythmic 

Tetanic. 

,  I  NaCl 

^-  1  NaFl 

li 

240 
37 

Tetanic 

,  J  NaCl 
3-  J  NaFl 

tV 

240 
35 

Individual. 
Tetanus,  tow. 

4  1  NaCl 
^-  1  NaFl 

ij 

Z 

0 
0 

MSSS 

"; 

IS 
60 

":?•""";,"■ 

MS&S; 

IS 
60 

High,,,.,,,... 
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would  cause   rhythmic  contractions  of   the  muscle.     The  following 
experiment  showed  the  action  was  on  the  nerve  : 

If  the  nerves  of  curarized  frogs  were  placed  in  solutions  of  stimulat- 
ing salts,  the  muscles  did  not  contract.  Control  experiments  showed 
that  if  the  curarized  muscle  was  placed  directly  in  the  salt  solutions 
fibrillar  contractions  occurred.    The  experiment  was  tried  of  etherizing 


TABLE 

IV. 

Mono-Vai.ent  Salts. 

Hi-Valent  Salts. 

Tr[-Valent  Salts. 

Salt. 

Concen- 

Salt. 

(ration. 

Salt. 

Conccn. 

NaCl 

fl 

A'„,CO, 

r(?)  or  ? 

Na.HPO( 

fi(.'l 

NaBr 

r. 

N.1HCO, 

A'nf/^FOt 

? 

Nal 

fi 

Na-jSOi 

» 

Nat  citrale 

li 

NaClO, 

\\ 

NaoSOa 

JT 

NajHAsO, 

fil?) 

NaBrOa 

T-L 

Na,B.O, 

S(?) 

NaillAsO, 

^ 

^'alOt 

? 

A'a/tSOi 

? 

Na,FeCr, 

II 

NaHjCjOj 

r. 

Ka,  tartrate 

i^ 

KaHCO, 

w 

/•^aKLirlrali 

?(?) 

NaCNS 

i(?) 

Na,C,0, 

Tl 

Na  valtriaaaU 

>? 

Na,S,0, 

Tl 

Na  bu<)-rate 

fi 

N„.Cr^O^ 

I 

NaNO, 

T~ 

NaNO„ 

Tl 

A'«C.O, 

1 

NsMnO, 

"l 

NaOH 

» 

the  nerve  between  the  solution  and  the  muscle  by  passing  the  nerve 
through  a  small  rubber  tube  which  lay  close  to  the  muscle.  The  end 
of  the  nerve  was  put  in  the  solution.  When  the  muscle  began  to 
contract,  ether  vapor  was  drawn  through  the  tube,  thus  etherizing  a 
small  piece  of  the  nerve  close  to  the  muscle.  As  soon  as  the  nerve 
was  etherized,  contractions  ceased.     On  drawing  air  through  the  tube, 
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they  began  again/  Inasmuch  as  the  ether  would  not  in  all  likelihood 
stop  the  diffusion  of  the  sodium  sails  down  the  nerve,  were  such  a 
diffusion  taking  place,  it  is  clear  that  the  impulses  arose  from  the 
action  of  the  salt  on  the  nerve  and  not  on  the  muscle.  Another 
proof  is  obtained  by  cutting  the  end  of  the  nerve  while  the  muscle 
is  contracting.  If  this  is  done,  the  contractions  cease  after  a  short 
tetanus  following  the  cut. 

Potaaslum  salts.  Potassium  chloride.  —  The  results  obtained  with 
potassium  chloride  are  somewhat  inconstant.  As  a  rule,  solutions  of 
"*.  2'.  ™>  <"■  '"  wi"  stimulate.  But  this  is  not  always  the  case. 
Solutions  weaker  than  this  never  stimulate,  but  instead  very  rapidly 
depress  the  nerve.  The  contractions  obtained  in  the  stronger  solu- 
tions may  be  tetanic,  high,  and  last  but  from  five  to  fifteen  minutes. 
The  latent  period  is  shorter  than  with  the  corresponding  sodium 
chloride  solutions.  Potassium  chloride,  in  solutions  isotonic  with  the 
nerve,  will  not  stimulate.  The  stimulation  in  stronger  solutions  is 
due  to  osmosis,  as  the  weakest  stimulating  solution  has  an  osmotic 
pressure  of  about  thirteen  atmospheres.  The  fact  that  in  these 
strong  solutions  the  potassium  chloride  solutions  will  stimulate 
motor  nerves  confirms  the  observations  of  Limbourg,'  and  shows  that 
Griitzner's  statement^  that  this  salt  will  not  stimulate  motor  nerves, 
requires  modification.  This  fact  renders  doubtful  the  distinction 
between  sensory  and  motor  nerves,  which  was  supposed  to  be  shown 
by  the  stimulation  of  the  sensory  nerve  by  this  salt.  It  is,  however, 
true  that  in  solutions  of  the  same  osmotic  pressure  as  the  nerve,  this 
salt  never  stimulates,  and  in  this  respect  has  a  totally  different 
action  from  sodium  chloride.  I  have  tried  a  number  of  experiments 
with  the  sensory  end  of  the  sciatic  nerve  to  see  if,  as  Griitzner  states, 
potassium  stimulates  it  more  strongly  than  sodium,  but  without  any 
satisfactory  result.  The  reflex  response,  unless  one  uses  strong  solu- 
tions which  may  act  by  osmosis,  is  very  uncertain. 

The  nerve,  after  losing  its  irritability  in  potassium  chloride,  may  be 
recovered  if  placed  in  ^'  sodium  chloride  solution.  This  is  shown 
in  a  later  experiment. 

The  results  with  the  other  potassium  salts  may  be  seen  in  the 
following  table: 
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TAHLE   V. 
Potassium  Salts. 


Salt. 

Weakest  slimu- 

Remarks. 

KC1 
KBr 

KI 

J 

KNO, 

? 

Rapid  depression  after  stimula- 

KC10, 

? 

Kapid  depression  after  slimuU- 

KMnO, 

TI 

Shon  lelanuit. 

KOH 

r= 

Short  tetanus. 

K.C.O, 

i"j 

.Shon  tetanus. 

K,  citrate 

."i 

Shon  lelanui. 

KCy 

i" 

Tetanus  and  depression. 

KR 

" 

Tetanus  and  depression. 

Kj.SO, 

! 

Tetanus  and  depression. 

KlICO, 

![ 

Tetanus  and  depression. 

K1I.SO, 

I 

Very  r^liid  depression. 

KHjPO, 

>T0 

No  coiitraclions  in  f),  or  weaker. 

Stronger  not  tried. 
In  a  fen  cases  only. 

K.FeCy, 

S 

In  a  few  cases  only. 

K,  tartrate 

» 

Strong,  short  tetanus. 

%Mxamxcj:  Potuainm  aalu. — The  potassiiiTtl  salts  will  generally 
Stimulate  if  their  solutions  have  an  osmotic  pressure  of  thirteen 
atmospheres  or  over.  When  they  stimulate,  therefore,  most  of  them 
do  so  by  osmosis  or  concentration.  Some  of  them,  hojvn-er,  i.  e.,  tke 
hydrate,  tartrate,  citrate,  and  possibly  the  ferro'cyanide,  stimulate  in 
solutions  too  weak  to  dehydrate  the  nerve.  This  fact  demonstrates 
that  stimulation  in  solutions  isotonic  with  the  nerve  is  not  a  peculiar 
function  of  sodium  salts. 

Summary:  Ammonium  aaiu.  —  The  ammonium  salts  resemble  po- 
tassium in  that  they  rapidly  destroy  irritability.  They  are  not  so 
powerful  as  potassium  in  this  particular.     The  citrate  stimulated  in 
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the  solutions  too  weak  to  dehydrate  the  nerve.  When  stimutation 
occurred  with  other  ammonium  salts,  it  was  due  to  osmosis  or 
concentration. 

Summary:  Lithium  salt*.  —  The  lithium  salts  examined  stimulated 
in  two  ways:  the  chloride,  iodide,  nitrate,  and  sulphate,  by  osmosis; 
the  citrate,  hydrate,  and  oxalate  in  some  other  manner,  since  ihe 
latter  salts  stimulate  in  solutions  too  weak  to  dehydrate  the  nerve. 
Although  the  iodides  do  not  stimulate  in  ^  solutions,  they  come 
much  nearer  stimulation  than  the  chlorides,  thus  confirming  the 
observations  on  sodium  salts,  where  the  chloride  was  weaker  than 
the  iodide.     If  lithium  salts  be  compared  with  the  corresponding 

TABLE  vr. 
Ammdmum  Salts. 


Salt. 

Weakest 

Remarks. 

NH.I 

■:  (?t 

Tetanus.    Limit  not  ac- 

cuiaiely  delermined. 
Tetanus. 

NH,NO, 

<m 

Limit  not  deteimined. 

(NHJ^SO, 

J 

Tetanus. 

NH4OH 
(NH()iHPO, 

<1 

Limil  not  delermined. 

Probably  much  lower. 
No  stimulation  at  any 

Tetanuf' 

(NH.I,  citrate 

" 

Very  long  tetanu,. 

sodium  salts,  it  will  be  found  that  the  former  occupy  a  position  just 
below  the  latter  as  stimulating  salts.  The  citrate,  for  example,  is  less 
powerful  than  sodium  citrate,  but  more  powerful  than  ammonium 
citrate,  and  this,  in  turn,  is  more  powerful  than  potassium  citrate. 
The  order  of  stimulating  action  is  the  same  in  the  salts  of  other  cor- 
responding acids;  the  oxalate  of  sodium  being  a  stronger  stimulant 
than  that  of  lithium,  which  is  stronger  than  ammonium  oxalate,  and 
the  last  stronger  than  potassium. 

Rubidium  aalts.  —  Rubidium  chloride  was  the  only  rubidium  salt 
examined.  This  salt  is  far  more  powerful  as  a  stimulant  than  sodium 
chloride.     In  its  effect  on  the  nerve  it  strongly  resembles  sodium 
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hydrate.  Its  weakest  effective  stimulating  solution  was  an  ^,  thus 
placing  it  close  to  the  hydrate  in  stimulating  power.  It  is  easily  the 
most  powerful  stimulating  chloride  I  have  found.  The  latent  period 
is  very  short :  one  to  three  minutes;  the  contractions  are  tetanic  and 
quickly  over.  The  irritability  of  the  nerve,  in  '^  solution,  is  lost  very 
rapidly.  In  Experiment  1313  the  nerve  was  non-irritable  throughout 
to  the  strongest  induction  shocks,  after  twenty-five  minutes  immersal. 
The  irritability  of  the  nerve  was  restored  by  transferring  it  to  sodium 
chloride  ^. 

The  stimulating  action  of  rubidium  chloride  was  a  surprise,  since  in 
the  literature  it  is  generally  stated  that  rubidium  acts  like  potassium. 

TABLE   VII. 

Lithium  Salts. 


Salt. 

Weakest 

atimulaling 
solution. 

Remarks. 

LiCl 
Lit 

! 

Long  latent.      Weak 

snmulant. 
Stronger  than  chloride. 

IjOH 

fi 

Short,  high  teianu*. 

LijSO, 

•; 

Li,C,0, 

-. 

Long  tetanus. 

Li,CO, 

•! 

Li,  citrate 

ft 

Strong  tetanus.     Lasts 

Griitzner 'says  that  cassium  is  a  more  intense  stimulus  than  rubidium. 
Zoethout^  remarks  that  when  nerves  are  immersed  in  rubidium 
chloride  nothing  happens.  I  do  not  see  the  reason  for  this  discrep- 
ancy. I  carefully  recrystalHzed  my  rubidium  chloride  without  chang- 
ing its  properties.  In  the  Bunsen  flame,  it  gave  the  typical  rubidium 
spectrum  and  appeared  to  be  pure. 

Ccealmn  cblorlde.  —  I  anticipated  that  caesium  chloride  would  be 
the  most  intense  stimulant  of  the  nerve.  My  results  show  that  this 
is  not  the  case.  In  no  case  did  the  ^  solution  stimulate,  although 
it  preserved   irritability  longer  than  any  other  chloride  except   the 

'  GrCtzner:  Loc.eit. 

'  ZoETHOOT  :  This  journal,  1904,  x,  p.  zx-^. 
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sodium.  This  result  is  at  variance  with  that  obtained  by  Grijtzner, 
who  states  that  C3esium  chloride  was  the  most  intense  slimulant  of 
the  nerve.  Although  I  recrystallized  the  cassium  salt  once,  using 
only  the  portion  that  crystallized  in  the  middle  of  the  lime  ofrecrys- 
tallization,  and  although  spectrum  analysis  in  the  Bunsen  flame  indi- 
cated no  impurities,  it  may  have  been  that  the  salt  was  impure, 
although  I  do  not  think  this  was  the  case.  In  any  case,  the  salt  was 
not  far  removed  from  a  stimulating  salt. 

Barium  chloride.  —  In  a  preliminary  paper  I  overlooked  the  fact  that 
barium  sails  would  stimulate  the  nerve  even  in  weak  solutions.  Mr. 
O.  H.  Brown  of  this  laboratory  kindly  called  my  attention  to  the 
error.  Barium  chloride  will  generally  stimulate  in  an  -^^  and  proba- 
bly more  dilute  solutions.  It  will  also  stimulate  in  stronger  solutions. 
There  is  no  doubt,  hence,  that  this  salt  stimulates  as  sodium  and  some 
other  salts  do  in  some  way  other  than  by  osmosis.  The  latent  period 
is  shorter  than  with  sodium  chloride  solutions  of  the  same  osmotic 
strength.  For  an  J^  solution  it  is  about  forty  minutes,  while  for 
sodium  chloride  it  is  over  two  hours.  If  added  to  sodium  chloride 
solutions  in  small  amounts,  barium. chloride  increases  the  stimulating 
action  of  the  sodium  chloride.  An  equivalent  of  barium  chloride 
appears,  therefore,  to  be  stronger  as  a  stimulant  than  an  equivalent 
of  sodium  chloride.  The  character  of  the  contractions  differs,  as  a 
rule,  from  those  obtained  in  sodium  chloride.  The  contractions  con- 
sist of  very  high  single  contractions  repeated  at  intervals.  Tetanus 
may,  however,  occur.  The  effect  of  barium  chloride  on  the  irritabihty 
of  the  nerve  will  be  taken  up  in  a  later  instalment  of  the  paper.  It 
preserves  irritability  for  some  time.  I  have  demonstrated  that  the 
.salt  was  acting  on  the  nerve  and  not  on  the  muscle.  Besides  the 
etherization  of  the  nerve  between  the  solution  and  the  muscle,  already 
described  under  sodium  chloride,  I  have  tried  immersing  the  nerve  in 
sodium  chloride  between  the  barium  chloride  and  the  muscle.  If 
barium  chloride  should  be  diffusing  down  the  nerve,  or  creeping 
along  the  nerve,  it  would  in  this  way  be  so  diluted  as  not  to  reach  the 
muscle  in  siifhcient  amounts  to  stimulate  it.  Putting  sodium  chloride 
here,  however,  did  not  alter  the  result.  From  these  experiments 
there  is  no  doubt  that  the  salt  is  stimulating  the  nerve,  and  not  the 
muscle. 

If  the  end  of  the  nerve  is  cut  off  after  immersion  in  barium  chloride, 
the  same  phenomena  are  observed  as  after  the  same  operation  when 
the  nerve  has  been  in  sodium  chloride.    The  muscle  goes  into  a  pro- 
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longed  tetanus,  which  in  some  cases  may  last  nearly  an  hour.  The 
tetanus  is  higher  and.  more  prolonged  than  after  immersion  in  a 
sodium  salt.  The  explanation  of  this  tetanus  is  discussed  in  a  later 
paper.  The  same  salts  inhibit  the  action  of  the  barium  chloride  as 
the  sodium,  as  will  be  shown  in  a  later  section. 

The  identity  of  the  reactions  in  the  two  salts  leaves  no  doubt  in 
my  mind  that  both  stimulate  the  nerve  in  the  same  manner.  We 
thus  have  further  evidence  that  the  stimulation  of  the  nerve  by 
chemicals  is  not  a  specific  function  of  sodium  ions.  As  an  example 
of  the  effect  of  cutting  off  the  end  of  the  nerve  after  immersal,  ihe 
following  experiment  may  be  quoted. 

Experiment  9^2.  —  The  nerve  was  immersed  in  ^  barium  chloride 
solution.  After  thirty-two  minutes  I  stimulated  the  end  electrically 
with  a  single  induction  shock.  But  a  single  contraction  resulted. 
With  repeated  induction  shocks,  tetanus  was  obtained  which  lasted 
only  during  the  stimulation.  One  minute  later,  at  10,50,  I  cut  off 
about  two  millimetres  of  the  end  of  the  nerve.  An  extreme  tetanus 
followed,  lasting  nearly  two  minutes.  At  10.52  a  second  portion  was 
cut  off.  This  was  followed  by  a  tetanus  like  the  preceding.  At 
10.54  I  cut  the  nerve  off  close  to  the  muscle.  A  high  tetanus 
followed,  lasting  ten  seconds. 

Barium  nitrate  and  acetate  also  stimulated.  The  phenomena  were 
the  same  as  with  the  chloride,  except  that  the  nitrate  appeared  some- 
what weaker.  Barium  hydrate  stimulates  even  more  powerfully  than 
sodium  hydrate.  It  stimulates  in  solutions  stronger  than  n"^.  It 
produces  a  high,  short  tetanus  after  a  short  latent  period.  Barium 
permanganate  in  two  experiments  stimulated  powerfully  in  ^  solu- 
tion. The  stimulation  lasted  about  one  minute,  and  the  nerve  was 
quickly  killed. 

Summarj:  Barium  aalta,  —  All  barium  salts  stimulated  in  solutions 
too  weak  to  draw  water  from  the  nerve.  All  phenomena  were  iden- 
tical with  the  phenomena  produced  by  sodium  salts  except  that  they 
were  more  intense.  This  identity  convinces  me  that  barium  and 
sodium  salts  stimulate  in  the  same  manner. 

Summary.  —  Of  the  salts  tested  in  Table  VII!,  only  strontium 
hydrate  stimulated  in  solutions  isotonic  or  hypotonic  with  the  nerve. 
The  rest  require  a  high  concentration  for  stimulation,  and  all  depress 
irritability  with  greater  or  less  speed. 

Aclda:  Conolualona. —  From  the  results  with  acids  shown  in  Table 
IX,  stimulation  cannot  be  attributed  to  the  hydrogen  ions.     Since 
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TABLE   VIII. 
Other  Salts. 


Weakest 

\yeake« 

Sail. 

stimulai- 
ing  con- 
centration 

Remarks. 

Sail. 

ing  con- 

Remarks. 

MgClj 

I 

Tetanus  in  stronger. 

ZnSO. 

1 

Weak  stimulant. 

Mg(NO.), 

? 

One  or  two  eontrac- 

ZrCl, 

? 

Tetanus. 

MgSO, 

? 

Prolunged  tetanus. 

MnCl, 

>i 

None  in  Jf  or  weaker ; 
Stronger  not  tried. 

BeSO, 

>r 

No  conlraclions. 

CoCl, 

>i 

Nonein'r  or  weaker; 
stronger  not  tried. 

not  trfed. 

NiCl, 

>l 

None  Infer  weaker; 

CaCI, 

? 

Tetanus. 

stronger  noliried. 

Pb  acetate 

>'i 

Nonein^orweaker; 

Ca(N(),J, 

<« 

Tetanus. 

CuCi, 

>i 

None  in  j^  or  weaker ; 

Ca(OH), 

Concen- 

No  stimulation. 

stronger  not  tried. 

irated. 

CuSO, 

Tetanu^ 

SrCI, 

" 

High  telanu-i. 

AlCl, 

>( 

None.   Slrongernol 

Sr(NO.)j 

<m 

High  tetanus. 

tried. 

HgCI, 

Concen- 

SrBr, 

Weaker  than  chlo- 

trated. 

ride 

AgNO, 

>? 

Noneinjorweakei; 

Srii 

<l 

Tetanus. 

stronger  not  tried 

FeCl, 

>v 

None  in^or  weaker: 

S.(OH), 

f. 

Short,  high  tetanus. 

stronger  not  tried. 

acids  Trom  the  start  depress  irritability  very  rapidly,  this  ion  is 
shown  to  be  a  powerful  depressant.  At  first  glance  the  stimulation 
in  "  HCI  might  lead  to  the  inference  that  the  hydrogen  ion  in  itself 
had  some  stimulating  powers,  but  the  intense  depression  in  the  adds 
in  dilute  solution,  and  the  fact  illustrated  farther  on.  that  tlte  addition 
of  small  atMounts  of  acid  to  the  stimulating  solutions  of  other  salts 
always  firn-ents  the  stimulating  action  of  the  latter  is  sufficient  to  show 
that  the  ion  itself  is  in  reality  depressant. 

It  is  not  impossible  that  the  stimulating  action  of  acids  in  concen- 
trations greater  than  y,  may  be  due  to  the  electrical  disturbance  in 
the  nerve.  If  the  nerve  tip  is  immersed  in  acid  the  demarcation 
current  of  the  nerve  is  quickly  abolished,  but  may  be  restored  by 
alkalis.  When  the  nerve  is  placed  in  acid,  a  concentration  chain  is 
established  between  the  outside  and  inside  of  the  nerve,  the  latter 
region  being  alkaline.  Assuming  that  the  interior  of  the  nerve  is 
neutral,  a  difference  of  about  0.5  of  a  volt  will  exist  on  account  of 
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the  difference  of  concentration  of  the  hydrogen  ions  when  the  nerve 
is  in  j"^|  HCI.  This  current  is  closed  through  the  nerve  and  may 
stimulate  it  as  the  nerve's  demarcation  current  stimulates.  In  the 
muscle  this  action  is  very  apparent.  When  an  acid  or  oxidizing  or 
reducing  solution  is  run  over  the  outside  of  a  gastrocnemius  muscle, 
shortening  takes  place  at  once  (the  so-called  "contact  reaction"  of 


Latent 

Acid. 

terms  of  a  N 
solution. 

Concentratiuns 
(ailine  to 
stimulate. 

ting  con. 

weakest 

lating 

Character  of 

HCI 

*.  A.  *.  i.  \ 

S.  i.  t.  i.  A. 

?(?) 

1 

Tetanic. 

HNO, 

\.  i.  f,  i.  i 

?(?) 

1 

Short,  high  tetanus. 

HjSO, 
Laciic 

2.i.i.i.i.i. !. 
1.  A.  1) 

1.  1.  i.  iV.  A. 

coS^en.rat^d 
\-  \-  3.  !■  A 

"I 
"A 

1 

Short  tetanus. 
Short  tetanus. 
Short  tetanus. 

Oxalic 

*■!■  !.■  \''  '■ 

i  I.  A.  iV.  il 

i'i.(?) 

14 

Tetanus.     I.ow. 

Tartaric 

i.i.i'vA.A. 
a;  A.  A.  A 

A  few  isolated. 

HjPOi 

0 

Citiic 

A,  A  l«U"«.l 

rill.') 

' 

Very    low    tetanus. 
Highinstrnngsolu- 

H,0. 

.... 

Isolated  contractions 

•  Dr.  W.  E.  Garrev 

Mies   til  at  the  i 

ritabiiiiy  of  Chilon 

onas  is  also  greatly 

increased  by  disiilled  wate 
ihe  protoplasm  is  brought 

.     This  is  possi 
nearer  the  neutra 

1y  due  to  the  fact  t 
point. 

hat  tti  distilled  water 

Locb  and  Zoethout).  This  contraction  takes  place  too  promptly  and 
involves  too  many  of  the  fibres  of  the  muscle  to  be  due  to  diffusion 
inward  of  the  acid  or  salt.  It  appears  to  me  that  this  sudden  con- 
traction is  most  probably  due  to  the  concentration-chain  electrical 
effect  already  mentioned.  This  contraction  is  something  quite 
different  from  the  rhythmic  contraction  of  muscle  produced  by 
sodium  chloride. 
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TABLE   X. 
Tub  Osmotic  Pressure  of  the  Weakest  Stjmui.atinc  Solutions. 


Substance. 

WeakMi 
tlimulaling 

solalion. 

Osmotic  preuure  in 
atmospheres. 

KCi 

J-  J 

11.0-14.4 

KBr 

t-1 

11.0-14.4 

KI 

*■  -  'i 

110-14.4 

KNO. 

^_-f 

11.0  -  140 

KCIO. 

l-l 

110  - 140 

KHSO, 

I 

120 

K,SO, 

s-  I 

12.6-12.8 

CaCI, 

•I 

13.0 

SrCl, 

s-i 

11.4  -  14.0 

MgCla 

1-1 

11.2  -  13.7 

Mg{NO.), 

"-" 

H.0  -  13.4 

MgSOj 

1' 

15.3 

(NH,),SO, 

■; 

16J7 

NH,C1 

■;(■') 

19.0  (?) 

LiCl 

i  -  3'; 

16.5  - 19.6 

U\ 

1-1 

110-140 

(NH.IjHPO, 

r 

13.0  (.') 

(NH,)iSO( 

1 

164 

K,C.,0, 

1 

15,8 

ZnSO, 

3-"'l 

15.2  -  17.2 

III.    Discussion  of  Results. 

The  foregoing  results  show  that  electrolytes  stimulate  in  two  ways  : 
first  by  their  concentration  (osmosis),  and  second,  in  some  other  way. 

1.  StlmnlatioD  by  concentration.  —  An  inspection  of  Table  X  shows 
that  nearly  all  compounds,  irrespective  of  their  nature,  stimulated  in 
concentrations  of  from  [I-14  atmospheres  osmotic  pressure.  This  is 
the  case  even  for  salts  which  by  themselves  are  strong  depressants. 
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such  as  calcium  chloride.  This  pressure  is  the  same  as  that  required 
for  stimulation  by  solutions  of  non-electrolytes,  and  we  may  conclude 
that  the  stimulation  is  not  due  to  the  electrical  condition  of  the  electro- 
lyte. The  fact  that  the  non-clectrolytes  stimulate  in  about  the  same 
concentration  as  the  electrolytes,  indicates  that  the  stimulation  is  due 
to  the  extraction  of  water  producing  a  certain  change  in  the  nerve- 
substance,  and  not  because  the  extraction  of  water  increases  the 
concentration  of  the  electrolytes  in  the  exterior  of  the  nerve,  thus 
causing  a  concentration-chain  action.  Were  the  latter  the  case,  the 
electrolytes  should  stimulate  in  more  dilute  solutions  than  the  non- 
electrolytes.  There  are  certain  variations  in  the  limits  of  stimulating 
concentrations  for  different  salts.  Lithium  salts,  and  particularly  the 
chloride,  require  a  slightly  higher  osmotic  pressure  in  order  to  stim- 
ulate than  almost  any  other  salts.  On  the  other  hand,  acids  will 
stimulate  in  solutions  a  little  less  concentrated  than  most  other  salts. 
Potassium  salts  again  stimulate,  when  they  do  stimulate,  very  quickly 
and  forcibly.  Magnesium  and  zinc  sulphates  require  a  somewhat 
higher  osmotic  pressure  in  their  solutions  than  fourteen  atmospheres 
to  stimulate.  The  cause  of  these  variations  is  undoubtedly,  I  think, 
in  part  owing  to  the  varying  speeds  of  diffusion  of  the  different  salts. 
Acids,  which  diffuse  most  quickly  owing  to  the  great  velocity  of  the 
hydrogen  ion,  stimulate  in  strongsolutions  very  quickly  ;  lithium  salts 
diflfuse  very  slowly,  owing  to  the  slow  rate  of  movement  of  the 
lithium  ion  ;  the  sulphates  of  magnesium  and  zinc  also  diffuse  slowly, 
and  these  compounds  require  a  slightly  higher  initial  concentration  to 
stimulate.  Where  they  move  slowly,  the  dehydration  takes  place  less 
abruptly. 

2.  The  other  cause  of  atimulatloii.  —  In  an  isotonic  solution  of  sodium 
chloride  there  are  four  elements  to  which  the  stimulation  might  be 
due.  These  are  the  sodium  atom,  the  chlorine  atom,  the  positive 
charge  of  electricity  attached  to  the  sodium  atom,  and  the  negative 
charge  of  electricity  borne  by  the  chlorine  atom. 

Since  the  majority  of  the  sodium  salts  stimulate,  the  first  sugges- 
tion is  that  this  stimulation  is  a  specific  and  peculiar  property  of  the 
sodium  ions. 

This  hypothesis  cannot  be  upheld,  for  nearly  all  barium  and 
rubidium  salts,  and  some  potassium,  ammonium,  lithium,  and 
strontium  salts  also  stimulate  in  the  same  circumstances.  Further- 
more not  all  sodium  salts  stimulate.  The  difference  between  the 
stimulating  power  of  these  different  salts  is  only  one  of  degree.     All 
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rubidium,  nearly  all  barium,  the  majority  of  sodium,  many  lithium,  a 
few  ammonium,  a  few  potassium  salts,  and  an  occasional  strontium  salt 
will  stimulate.  It  is  clear  that  there  is  nothing  peculiar  and  specific 
in  the  stimulating  action  of  sodium  salts. 

The  chemical  composition  of  the  anion  may  also  be  disregarded  as 
unimportant.  Nearly  all  salts  of  sodium  stimulate,  whatever  the 
anion  is.  Since  such  salts  as  potassium  hydrate  and  sodium  chloride, 
which  have  nothing  in  common  from  a  chemical  point  of  view,  pro- 
duce the  same  effect,  it  is  fair  to  assume  that  their  chemical  composi- 
tion is  not  the  important  factor  in  their  action.  Nevertheless  they 
must  have  something  in  common,  since  they  produce  the  same 
result.     They  are  alike  in  this  particular  :   Tltey  are  both  electrolytes. 

We  are  hence  led  at  once  to  examine  their  electrical  condition,  to 
determine  the  cause  of  their  action.  Each  solution  contains  positive 
and  negative  particles.  Since  the  chemical  composition  of  these  ions 
is  unimportant,  we  come  by  exclusion  to  their  electrical  condition. 
Their  action  must  be  due  to  this. 

It  is  clear  that  if  the  effut  is  produced  by  the  electrical  charges, 
chemical  stimulation  is  essentially  electrical  and  the  laws  of  electrical 
stimulation  can  be  applied lo  chemical  stimulation.  The  first  and  most 
fundamental  of  these  laws  is  that  stimulation  at  the  make  of  the  current 
occurs  at  the  cathode  or  negative  electrode,  and  depression  occurs  at  the 
positive  electrode  or  anode.  From  these  laws,  it  is  clear  on  this 
hypothesis  that  the  anion  or  the  chlorine  in  sodium  chloride  must  be  the 
stimulating  agent  owing  to  its  negative  charge  and  that  the  positive 
sodium  must  have  a  depressing  action  owing  to  its  positive  charge.  I 
believe  that  the  facts  may  be  explained  on  this  hypothesis  and 
strongly  indicate  its  truth. 

We  may  now  proceed  to  examine  the  facts  from  the  point  of  view 
that  the  anion  stimulates  while  the  cation  depresses,  and  that  their 
action  is  due  to  the  electrical  charges. 

A,    The  Action  of  Alkalies  and  Acids, 

In  solutions  of  the  alkalies  the  very  powerful  hydroxy!  ton  is  pre- 
dominant. The  facts  show  that  the  stimulating  action  of  solutions 
of  the  alkalies  is  to  be  referred  to  this  ion,  since  the  stimulating 
power  of  all  hydrates  is  about  the  same,  and  the  limit  in  each  is  about 
a  ,"  solution.  In  a  solution  of  any  hydrate,  therefore,  we  have  the 
conditions  which  our  theory  demands.     The  hydroxyl  ion  is  a  nega- 
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lively  charged  ion;  the  properties  of  all  alkaline  solutions  are  due  to 
these  ions;  and  in  this  case  the  negative  ion  is  certainly  preponder- 
ant, whatever  the  explanation  of  that  predominance  is.  Thi  fact  that 
the  hydrates  are  poiverful  stimulants,  bean  out,  thdrefore,  the  hypothesis 
that  the  negative  ion  is  the  stimulating  ion. 

In  acids  there  is  the  opposite  condition  of  a  powerful,  positive  ion, 
the  hydrogen  ion.  The  activity  of  this  ion  is  so  great  that  it  pre- 
dominates in  mineral  acids  and  overbalances  the  action  of  the  nega- 
tive ion.  If  we  consider  the  action  of  acids  on  the  nerve,  it  is  found 
that,  without  exception,  the  mineral  acids  in  isotonic  solutions  which 
ionize  most  completely,  annihilate  irritability,  or  depress  the  nerve 
very  strongly.  In  other  words,  those  acids  which  show  the  effects  of 
the  hydrogen  ions  in  the  most  typical  manner,  depress  without  stimu- 
lation, and  depress  powerfully.  This  clearly  shows  that  this  positix'e 
ion  has  a  depressant  action,  and  implies  that  the  sodium  ion  which 
resembles  the  hydrogen  ion  in  carrying  a  positive  charge,  also  de- 
presses, but  for  some  reason  not  so  strongly.  The  only  exceptions  to 
the  statement  that  the  acids  depress  without  stimulation  are  oxalic 
acid  and  possibly  citric,  which,  in  certain  concentrations,  have  a  weak 
stimulating  tendency.  In  these  acids,  however,  we  may  be  dealing 
in  part  with  the  effect  of  the  anion,  for  the  oxalates  are  always  among 
the  most  powerful  stimulants.  The  action  of  both  alkalies  and  acids 
bears  out  the  hypothesis  that  the  positive  ions  depress  and  the  negative 
stimulate. 


B.    The  Relation  of  thr  Valence  of  the  Anion  or  Cation 
TO  ITS  Stimulating  or  Depressing  Power. 

If  the  action  of  the  anion  is  due  primarily  to  the  electrical  charges 
it  has  upon  it,  the  more  charges  present  the  greater  should  be  the 
stimulating  power.  That  a  relationship  might  exist  between  the 
valence  of  an  ion  and  its  physiological  action  could  be  inferred  from 
the  work  of  Schuize,'  Linder  and  Picton,^  and  Hardy,"  who  have 
shown  that  such  a  relationship  exists  between  the  power  of  salts  to 
precipitate   colloids   and  the   valence   of  their  ions.*     Inasmuch  as 

'  Schulze:  JournaHiir  praktische  Chemie,  i382,xkv,  p.  431  ;  1883,  xxvi.p.  320. 
'  LiNUEH  and  Picton  :  Cliemical  journal,  1895,  Ijtvii,  p.  63. 
'  Haruv:  Proceedings  of  the  Royal  Society,  1900,  txvi,  p.  110, 
*  For  a  bibliography  of  the  colloids,  see  MOller  :  Zeitschrift  ftir  anorgaoische 
Chemie,  1904,  xxxix,  p.  izi. 
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colloids  are  present  in  protoplasm,  and  as  it  has  been  suggested  by 
Graham'  and  many  observers  that  protoplasmic  activities  are  depend- 
ent, in  part,  at  least,  upon  alterations  in  the  state  of  the  colloids,  it 
was  a  reasonable  hypothesis  that  such  a  relation  between  ion  valence 
and  physiological  action  would  be  found  to  exist. 

This  relation  was  first  suggested  by  Loeb."  Loeb  thought  that 
his  results,  obtained  upon  fundulus  eggs,  showed  that  there  existed 
a  toxic  and  an  antitoxic  action  between  single,  double,  and  triple- 
charged  cations.  He  stated  that  the  poisonous  action  of  pure  sodium 
chloride  or  potassium  chloride  coutd  be  neutralized  by  any  doubly- 
charged  cation  salt,  such  as  barium,  magnesium,  or  calcium,  and  by 
still  smaller  quantities  of  the  trivalent  aluminium.  Loeb  stated  that 
the  antitoxic  action  must  be  due  to  the  valence  of  the  cation,  since 
all  bivalent  cations  acted  equally  strongly,  and  the  trivalent  cations 
acted  still  more  strongly.  My  own  results  on  fundulus  show  that 
this  statement  of  Loeb's  is  not  entirely  correct.  There  is  a  great 
difference  in  thepower  of  calcium,  magnesium,  barium,  and  strontium, 
to  neutralize  the  poisonous  action  of  sodium  chloride,  A  still  greater 
difTerence  exists  for  lead  or  nickel  salts.  Loeb's  facts,  therefore,  do 
not  show  that  antitoxic  action  is  due  to  valence  rather  than  to 
chemical  composition. 

a.  The  Impottaooe  of  the  valence  of  the  cation.  —  From  the  pre- 
ceding tables  it  is  apparent  that  no  salt  of  a  bivalent  metal  (cation), 
with  the  exception  of  strontium  hydrate  and  barium  salts,  will  stimu- 
late in  solutions  isotonic  with  the  nerve.  On  the  contrary,  all 
depress  activity,  and  some  of  them  with  great  rapidity,  as,  for  ex- 
ample, mercury.  Of  the  trivalent  metals,  aluminium  and  ferric 
chloride,  the  latter  destroys  irritability  very  fast;  while  aluminium 
chloride  does  not  destroy  irritability  so  rapidly  as  iron;  it  docs  not 
stimulate,  but  depresses.  On  the  other  hand,  of  the  monovalent  salts 
of  sodium,  ammonium,  potassium,  lithium,  and  rubidium,  some  of  each 
stimulate.  From  these  facts  we  may  draw  the  conclusion  that  the 
chances  of  a  salt  containing  a  bivalent  or  a  trivalent  cation  stimulat- 
ing are  greatly  less  than  salts  which  contain  a  monovalent  cation. 
So  far  as  there  is  any  relation  between  valence  and  the  action  of  the 
cation,  we  may  therefore  say  that  the  stimulating  power  of  any  salt 

'  Graham  :  "  The  colloid  may  be  looked  upon  as  the  probable  primary  source 
of  the  force  appearing  in  the  phenomena  of  viialily."  Philosophical  Transactions, 
1S61.  cli,  p.  183. 

*  LoEfi:  Archiv  fiir  die  gesammte  Physiologie,  i9or,  Ixxxviii,  p.  68. 
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diminishes  with  an  increase  in  the  valence  of  the  cation,  or  the  depres- 
sant action  of  the  salt  increases  with  an  increase  in  the  number  of 
charges  on  the  cation.  This  conclusion  plainly  bears  out  the  hypothe- 
sis that  the  cation  is  depressant,  and  its  depressant  action  is  due  to 
the  positive  charges  it  bears.  The  rule  has,  however,  several  marked 
exceptions,  since  monovalent  silver  salts  depress  strongly,  as  do  acids, 
while  bivalent  barium  salts  stimulate.  The  cause  of  these  exceptions 
will  be  given  under  the  heading  of  solution  tension,  on  page  481. 

There  is,  however,  no  sign  of  the  quantitative  relationships 
observed  by  Hardy,  and  apparently  found  by  Loeb,  between  ionic 
valence  and  the  physiological  or  precipitating  power  of  ions.  Loeb's 
Qbservations  are  in  part  incorrect,  and  in  such  a  way  as  to  make  the 
resemblance  between  his  results  and  Hardy's  less  striking  than 
formerly  appeared.  In  my  results,  a  strontium  ton  is  only  a  little 
more  powerful  as  a  depressant  than  two  monovalent  sodium  ions. 
As  far  as  can  be  seen  from  the  results  so  far  given,  the  relation 
between  the  physiological  action  of  monovalent,  bivalent,  and  triva- 
lent  cations  is  more  nearly  a  one,  two,  three  ratio,  which  indicates 
that  a  proper  comparison  is  really  one  of  equivalents.  An  equivalent 
of  calcium  is  more  powerfully  depressing  than  an  equivalent  of 
sodium.  How  much  more  powerful  will  be  indicated  farther  on, 
but  certainly  not  a  hundred  times  more  powerful. 

b.  The  Importance  of  tb«  valence  of  the  anion.  —  When  we  examine 
the  anions,  the  relationships  appear  much  clearer  and  more  convincing 
(Tabic  IV,  p.  462).  With  few  exceptions,  sodium  salts  of  the  bivalent 
anions  stimulate  more  powerfully  in  equimolecular  or  isosmotic  solu- 
tions than  the  monovalent;  and  the  trrvalent  anion  salts  stimulate 
more  powerfully  than  the  bivalent.  For  example,  sodium  chloride 
will  stimulate  only  in  concentrations  stronger  than  ^;  sodium 
sulphate  will  stimulate  in  concentrations  as  dilute  as  '"^,  and  sodium 
citrate  in  concentrations  of  y^.  The  main  exceptions  to  the  rule 
are  the  hydrates,  which  stimulate  more  powerfully  than  a  single 
equivalent  of  a  bivalent  anion ;  but  this  is  possibly  due,  in  part, 
to  the  presence  of  bivalent  oxygen  ions  in  small  amounts  in  the 
hydrate  solution. 

The  relationship  in  stimulating  power  between  monovalent,  biva- 
lent, and  trivalent  anion  salts  of  sodium,  judging  from  the  weakest 
dilution  in  which  they  will  stimulate,  is  about  as  i :  2.  5  14.  These 
facts  show  very  clearly  that,  as  the  number  of  negative  charges  on  the 
anion  increases,  the  stimulating  power  of  the  salt  increases.     It  ap- 
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pears,  also,  that  of  various  bivalent  anions,  not  all  of  (hem  stimulate 
alike,  since  the  latent  period  and  height  of  the  tetanus  produced  vary 
with  the  different  salts.  White  the  limit  of  dilution  which  will  stim- 
ulate is  the  same  in  the  thiosulphiate  and  the  sulphite,  the  latter  has 
a  much  shorter  latent  period  and  the  contractions  are  more  powerful 
than  in  the  former.  The  cause  of  this  variation  is  the  ionic  potential 
or  solution  tension  discussed  later. 

c.  The  action  of  polyvalent  uilona  Is  not  due  to  caloimn  preotpitatiou 
or  hydiolytic  dlMooiatioD.  —  There  are  two  possible  ways  of  action  of 
the  anions  besides  through  their  electrical  charges  which  must  be 
disproved  before  the  action  can  be  referred  unconditionally  to  the 
charges.  These  polyvalent  anion  salts,  like  the  citrate  and  oxalate, 
might  stimulate,  not  by  means  of  the  many  negative  charges  they 
possess,  but  because  they  precipitate  the  calcium  in  the  tissues,  cal- 
cium salts  having  an  intense  depressing  action.  This  has  been  sug- 
gested by  Loeb.  Or  it  might  be  that  the  greater  stimulating  power 
of  the  citrate  might  be  due  to  the  hydroxyl  ions  present  in  the  solu- 
tions from  hydrolytic  dissociation.  The  first  possibility  will  be  first 
considered. 

Against  the  hypothesis  that  these  salts  stimulate  by  precipitating 
the  depressant  calcium,  the  following  facts  may  be  mentioned.  The 
thiosulphate  does  not  precipitate  calcium,  and  yet  it  stimulates  in  as 
weak  a  dilution  as  the  oxalate.  The  citrate,  which  precipitates  calcium 
very  slowly  and  imperfectly,  is  a  more  powerful  stimulant  than  the 
oxalate.  The  monovalent  fluoride  which  precipitates  calcium,  is  not  so 
strong  as  the  sulphate  in  stimulating  action.  The  formate  makes  an 
insoluble  calcium  salt,  and  yet  is  but  slightly  stronger  than  the  chlo- 
ride. The  iodide,  which  does  not  precipitate  calcium,  is  considerably 
stronger  than  the  chloride.  The  carbonate  is  a  weak  stimulant,  while 
it  precipitates  calcium  strongly.  It  must  be  remembered  also  that  the 
amount  of  calcium  in  the  nerves  is  extraordinarily  little,  far  less  than 
can  be  precipitated  by  the  sulphate  or  citrate,  so  that  even  if  the 
calcium  salts  are  formed,  the  dilution  is  so  great  that  no  appreciable 
change  would  occur  either  in  the  solubility  or  state  of  ionization  of 
the  calcium,  for  many  of  these  compounds  at  least.  These  facts  show, 
I  think,  that  whatever  may  be  the  relation  between  the  power  of  any 
anion  to  precipitate  calcium  and  its  stimulating  power,  the  latter  prop- 
erty is  not  due  to  the  former,  but  both  of  these  properties  arc  prob- 
ably due  to  the  same  fundamental  peculiarity  of  the  anion.  This 
peculiarity,  as  is  indicated  by  my  results,  is  the  solution  tension  of 
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the  ion  so  far  as  its  stimulating  power  is  concerned ;  and  it  is  the  same 
factor  which  determines,  according  to  Bodlander,  its  calcium  precipi- 
tating powers.  Calcium  precipitation  in  the  tissues  is  not,  therefore. 
the  cause  of  the  stimulating  power  of  these  ions.  There  is,  however, 
y,  general  parallelism  of  slimuiating  power  and  the  insolubility  of  the 
calcium  compounds  of  anions. 

Nor  is  the  stimulation  due  to  the  presence  of  the  hydroxyl  ions  in 
the  solutions.  This  is  shown  by  the  following  facts:  The  sulphate  is 
neutral,  and  yet  it  stimulates  more  than  twice  as  powerfully  as  the 
chloride.  Variations  occur  in  the  monovalent  salts  in  which  there  is 
no  perceptible  difference  in  the  number  of  hydroxyl  ions,  as,  for  ex- 
ample, in  the  chlorides  and  iodides.  The  carbonate,  which  contains  a 
large  number  of  such  ions,  is  a  bad  stimulant.  The  number  of  hydroxyl 
ions  in  solutions  of  any  of  these  salts  is  also  much  less  than  the  mini- 
mum number  necessary  to  stimulate.  The  minimum  strength  of 
hydrate  which  will  stimulate  is  between  a  ~  and  a  ^.  None  of  these 
salts  contain  hydroxyl  ions  approaching  this  concentration.  The  fol- 
lowing figures  taken  from  Shields  '  and  others,  show  how  few  are  the 
number  of  hydroxyl  ions  present.  Sodium  carbonate  in  0.09  n  solu- 
tion contains  only  0.00596  gram  molecules  of  sodium  hydrate.  In 
other  words,  a  -^  solution  of  sodium  carbonate  contains  as  many 
hydroxyls  as  a  \^ti^  "  so'iition  of  sodium  hydrate.  Borax  in  a  j^^  « 
solution  is  only  0.92  hydrolyzed,  yet  borax  stimulates  in  a  solution 
less  than  "■^.  Disodium  phosphate  in  a  ^^  solution  contains  only 
0.00000798  gram  molecules  of  free  sodium  hydrate  to  the  litre.  The 
final  proof  may  be  obtained  by  neutralizing  the  alkaline  citrates. 
Ammonium  citrate,  for  example,  may  be  acid  in  reaction.  Yet  it 
stimulates  powerfully,  and  its  stimulating  power  increases  as  one 
makes  it  neutral. 

The  stimulating  action  of  the  sodium  and  lithium  salts  of  bivalent 
and  trivalent  acids  is  hence  not  to  be  ascribed  to  the  hydroxyl  ions 
their  solutions  may  possess. 

An  examination  of  the  relationship  of  the  valence  of  the  anion  and 
the  cation  to  the  stimulating  or  depressing  action  of  the  salts  leads  to  the 
conclusion  that  the  cation  depresses,  while  the  anion  stimulates,  for  with 
certain  exceptions,  which  can  be  explained,  an  increase  in  the  number  of 
positive  charges  on  the  cation  causes  an  increased  power  of  depression, 
while  an  increase  in  valence  of  the  anion  causes  an  increased  stimulat- 

•  Shielos  :  Zeitschrift  fiir  phjsittaiische  Chemie,  1893,  xii,  p.  167. 
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ing  action  of  the  salt.  However,  as  is  shown  on  page  484,  valence  in 
itself  is  unimportant.  It  happens  that  polyvalent  ions  have,  as  a  rule, 
lower  solution  tensions  than  monovalent. 

C.     The  Action  of  Electrodes. 

Strong  confirmation  of  the  fact  that  the  ions  have  different  physio- 
logical actions  can  be  obtained  by  causing  their  separation  in  the 
nerve,  and  thus  finding  out  the  result  on  the  nerve  at  the  points 
respectively,  where  cations  or  anions  predominate.  This  we  can  do 
by  means  of  electrical  stimulation.  When  a  current  is  passed  through 
a  nerve,  a  separation  of  the  ions  takes  place,  the  positive  and  negative 
ions  passing  in  opposite  directions.  If  a  nerve  be  touched  by  non- 
polarizable  electrodes  of  sodiutn  chloride,  at  the  moment  of  contact, 
sodium  ions  pass  into  the  nerve  at  the  anode,  and  chlorine  ions  at  the 
cathode.  There  is,  hence,  for  a  moment«a  sudden  increase  in  the 
number  of  positive  ions  in  the  anodic  region,  and  an  increase  of  nega- 
tive ions  in  the  cathodic  region.  The  stimulation  always  begins  at  the 
point  where  the  negative  ions  are  entering  the  nerve,  and  depression 
where  the  positive  ions  are  entering.  This  fact  furnishes  very  strong 
evidence  that  the  negative  ion  is  the  stimulating  ion.' 

We  may,  however,  approach  the  subject  in  still  another  way.  Im- 
agine the  negative  electrode  or  cathode  broken  into  smaller  and 
smaller  pieces,  until  they  are  as  small  as  atoms,  each  atom  of  sub- 
stance having  a  negative  charge  on  it.  Such  an  atom  is  an  ion. 
There  will  be  no  change  in  the  nature  of  the  action  of  the  electrode 
as  it  becomes  smaller  and  smaller.  The  smallest  piece  must  act  in 
exactly  the  same  way  as  the  largest  piece.  There  can,  hence,  be  no 
doubt  that  the  negative  ions  must  act  like  minute  negative  electrodes 
and  have  the  same  stimulating  action  in  the  ionic  stale  that  they  would 
possess  if  they  were  fused  together  into  one  large  electrode.  Further- 
more, just  as  the  particular  material  of  which  the  electrode  is  com- 
posed is  non-important,  the  main  thing  being  the  charge  and  tension 
of  the  electrode,  so  it  is  equally  clear  that  as  the  electrode  is  broken 
up  the  charge  remains  the  main  source  of  action,  and  the  material 
to  which  the  charge  is  attached  is  of  secondary  importance,  —  a  con- 
clusion which  is  clearly  shown  in  the  facts  we  have  considered. 

Loch*  and  McCallum^  have  explained   the  stimulating  action  of 

'  This  interpretation  has  already  been  given  by  Strong:  Loc.  eil. 

*  LOEB  :  Archiv  fiir  die  gesammte  Physiologic,  t902,  xci,  p.  355. 

*  McCallum  :  This  journal,  1903,  x,  p.  108. 
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barium  chloride  by  assuming  that  barium  stimulates.  This  idea  is, 
ill  my  opinion,  erroneuus.  While  positive  ions  exist  which  have  un- 
saturated affinities  for  positive  charges,  and  thus  act  like  negative 
ions,  barium  is  certainly  not  such  an  ion.  And  even  if  such  positive 
ions  stimulated,  the  stimulation  would  be  produced  not  by  the  posi- 
tive charges,  but  because  of  the  fact  that  such  ions  have  unsaturated 
affinities  for  positive  charges,  and  are  to  that  extent  negative  ions  as 
well  as  positive.  The  ferrous  ion,  for  example,  is  such  an  ion,  being 
at  the  same  time  both  a  reducing  and  an  oxidizing  ion.  It  is  both  an 
anion  and  a  cation.  It  has  both  positive  and  negative  charges  which 
it  can  give  up.  But  even  the  ferrous  ion  cannot  stimulate,  because 
protoplasm  has  a  smaller  affinity  for  a  negative  charge  than  the 
ferrous  ion  has. 

To  make  certain  that  barium  would  not  stimulate,  I  made  up  non- 
polarizable  electrodes  o(  barium  chloride,  calomel,  and  mercury.  When 
these  electrodes  are  touched  to  nerve  or  muscle,  barium  ions  enter  the 
tissue  at  the  anode,  chlorine  ions  at  the  cathode.  If  barium  stimu- 
lates, contraction  should  begin  at  the  anode,  as  well  as  the  cathode,  at 
the  make  of  the  current.  I  have  not  been  able  to  distinguish  any 
change  of  the  electrotonic  relations  when  barium  chloride  instead  of 
sodium  chloride  electrodes  were  used.  On  stimulation  of  the  two 
halves  of  a  sartorius  muscle  by  barium  chloride  electrodes,  the  con- 
traction invariably  began  at  the  make  ol  the  current  at  the  cathode, 
and  at  the  break  at  the  anode.  Barium,  therefore,  gives  no  more 
evidence  of  stimulating  than  sodium.  This  evidence  confirms  the 
evidence  obtained  from  a  study  of  the  phenomena  of  barium  chloride 
stimulation  already  given  on  page  468, — a  study  which  led  to  the 
conclusion  that  the  stimulation  with  barium  is  identical  in  nature 
with  that  of  sodium  chloride,  only  more  intense.  Barium  chloride 
stimulates  more  than  sodium  chloride,  for  the  reason  that  the  depres- 
sant action  of  the  barium  is  less  strong  than  that  of  sodium,  thus 
causing  a  greater  predominance  of  the  chlorine-  Why  the  barium 
depresses  less  than  the  sodium  is  shown  later. 

I  have  tried  similar  experiments  with  electrodes  of  the  chlorides  of 
several  different  metals,  i.  e.,  Co,  Ni,  Al,  Mg,  Mn,  but  have  never  seen 
any  marked  divergence  from  the  ordinary  course  of  electrical  stimula- 
tion, even  when  the  muscle  had  been  immersed  before  stimulation  for 
a  short  time  in  the  solution  of  the  salt,  in  order  that  the  salt  should  be 
present  in  the  tissue. 

Ill  conclusion,  therefore,  electrical  stimulation  shows  that  the  two  tins 
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have  an  opposite  physiological  action  regardless  of  their  chemical  natttre, 
and  that  the  anions  stimulate  the  motor  nerves,  -while  the  cations  depress 
irritability.  * 

D-  The  Effects  of  Inducing  Positive  or  Negative  Charges 
IN  THE  Nerve. 
Confirmatory  evidence  of  this  conclusion  is  obtained  by  the  results 
of  inducing  positive  and  negative  charges  in  the  nerve.  These  ex- 
periments have  been  tried  by  V.  Grandis,'  who  so  arranged  the  nerve 
that  it  could  be  made  to  receive  by  induction  a  positive  or  a  negative 
charge.  V.  Grandis,  confirming  old  experiments  by  Galvani,'  found 
that  excitation  of  the  nerve  took  place  only  when  negative  charges 
were  induced  in  the  nerve,  never  when  positive  charges.  It  is  indif- 
ferent whether  the  nerve  is  charged  by  contact  or  induction. 

E.  The  Relation  between  the  Physiological  Action  of  Ions 
AND  their  Ionic  Potential,  Velocity,  and  Weight, 

The  conclusion  that  the  anions  stimulate  and  the  cations  depress 
necessitates  the  farther  conclusion  that  in  sodium  chloride,  the 
chlorine  must  overbalance  the  sodium  in  its  action.  Why  ions  of 
the  same  number  and  kind  of  charges,  as,  for  example,  sodium  and 
silver,  differ  greatly  in  the  degree  of  their  depressant  action  has  not 
been  explained. 

In  this  division  of  the  paper  these  points  will  be  considered,  and  an 
explanation  given  of  the  cause  of  the  predominance  of  chlorine  in 
sodium  chloride,  and  of  the  cause  of  the  great  predominance  in  activity 
of  silver  over  sodium. 

«.  Ionic  potential  or  Bolatlon  tension.  —  The  Stimulating  or  de- 
pressing power  of  an  electrode  varies  directly  with  its  potential  and 
current  density.     The  same  factors  determine  the  actions  of  ions,  or, 

■  V.  Grandis:  Archives  italiennes  de  Biologic,  1902,  xxxviii,  p.  100. 

"If  one  ao  arranges  the  experiment  that  the  nerve  receives  a  positive 
electrical  charge,  il  is  never  possible  to  recognize  any  sign  of  excitation  in  the 
nerve,  even  though  the  capillary  electrometer  in  communication  with  the  nerve 
shows  the  latter  undoubtedly  to  be  positively  charged.  If,  on  the  contrary,  one 
charges  the  nerve  with  the  same  quantity  of  negative  electricity,  there  ensues 
a  powerful  modification,  which  manifests  itself  by  a  strong  muscular  contraction," 
p.  101. 

*  Galvani  :  De  viribus  electricitatis  animalis  in  motu  musculari.  p.  381  (cited 
from  V.  Grandis). 
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in  other  words :  Physiological  action  of  any  ion  =  C  I,  where  1  is  the 
ionic  potential  and  C  the  concentration.  By  potential  is  meant  the 
tendency  of  the  ion  or  electrode  to  give  up  its  charge,  or  to  change  its 
electrical  state.  This  tendency  is  measured  by  the  solution  tension, 
or,  in  the  case  of  the  ion,  by  the  "  Haftinlensilat."  For  convenience, 
and  to  bring  out  the  resemblance  between  ions  and  electrodes,  it  may 
be  called  the  "  ionic  potential."  This  will  be  the  reciprocal  of  the 
solution  tension. 

In  Table  XI,  Column  II  expresses  in  volts  the  solution  tension  of 
various  cations  in  normal  ionic  solutions.  The  greater  the  voltage 
necessary  to  remove  the  charge  from  the  ion,  the  more  stable  is  the 
ion.  The  ionic  potential  being  the  reciprocal  of  the  solution  tension, 
it  may  be  seen  that,  regarded  as  electrodes,  the  ions  gold,  silver,  and 
mercury  have  the  highest  potential,  while  potassium  and  rubidium 
have  the  lowest.  Column  III  states  whether  the  chloride  of  any  cation, 
when  applied  to  the  nerve  in  §  solution,  stimulates  (S),  or  depressies 
(D)  without  stimulation.  Column  IV  measures  the  stimulating  or 
depressing  power  of  the  chlorides  as  follows:  For  stimulating  salts, 
those  marked  S,  in  Column  II,  the  figures  represent  the  number  of 
minutes  which  elapse  after  the  nerve  is  placed  in  a  ^  solution 
(for  BaClj  an  f*^),  before  the  muscle  contracts.  These  figures  are 
only  approximate,  but  they  represent  the  average  for  a  number  of 
February  frogs.  For  depressing  salts,  those  marked  D,  the  figures 
represent  the  number  of  equivalents  of  the  chlorides  of  any  cation 
which  will  just  neutralize  the  stimulating  action  of  one  equivalent 
of  rubidium  chloride,  when  the  latter  is  in  ^  concentration. 
The  smaller  the  number  of  equivalents  required,  obviously  the  more 
intense  is  (he  depressant  action  of  the  salt.  Column  V  gives  the 
number  of  equivalents  of  any  chloride  necessary  to  neutralize  the 
stimulating  power  of  one  equivalent  of  sodium  chloride  in  a  {[  solu- 
tion. These  figures  have  not  been  determined  so  accurately  as  those 
in  Column  IV,  and  may  require  in  some  cases  some  modification. 

The  figures  in  Column  IV  were  obtained  by  immersing  the  nerves 
in  mixtures  in  various  proportions  of  rubidium  chloride  and  other 
chlorides,  and  determining  the  smallest  number  of  molecules  of  any 
other  chloride  which  would  be  just  sufficient  to  neutralize  the  stimu- 
lating power  of  one  molecule  of  rubidium  chloride  in  a  g  solution. 
Accurate,  quantitative  comparisons  cannot  be  made,  but  the  differ- 
ences between  different  salts  in  neutralizing  power  are  so  large  as  to 
permit  of  general  comparisons. 
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From  an  inspection  of  this  table,  it  is  seen  t/iat  all  chlorides  which 
stimulate  have  cations  with  a  very  high  solution  tension,  or  a  very  low 
ionic  potential.-  Furthermore,  the  lower  the  cation  ionic  potential,  the 
more  powerfully  does   the   salt  stimulate,    c.f.  rubidium.     Judging 


TABLE   XI. 

I. 

Cation. 

11. 
Solution 

volts. 

III. 
Chloride 
stimulaiM 

IV. 
Stimulating 

depressing 

power. 

V. 
Equivalents 

NaCl. 

Kb 

3.0CH- 

S 

Ulent  1-2- 

No  neutralization. 

K 

2.92 

D 

I.S 

<0.14 

Ha 

2.S4  (?) 

S 

Laicni  20* 

No  neutralization. 

Na 

IM 

s 

Uieni  l.SO- 

No  neutralization. 

Sr 

2.49  (?) 

D 

3 

O-I  (2) 

i.i 

2.39 

D 

2 

0.S 

Mg 

2.26  0, 

1  48  '■ ' 

D 

01 

Ca 

?.i'^> 

D 

1+ 

002 

Al 

0.999 

U 

2 

03 

Mn 

0.798 

I> 

0-04 

Zn 

0493 

u 

0.016 

Ni 

-0.019 

D 

0.78 

Pb 

-0.128 

D 

0.40 

!(■ 

-0.277 

D 

0.12 

<0.04 

Cu 

-0.606 

D 

016 

<002 

"8 

-1,027 

» 

ao2s 

<0.003 

Au 

-1.356 

•> 

0.006 

from  the  latent  period,  rubidium  chloride  is  sixty  to  one  hundred 
times  as  powerful  a  stimulant  as  sodium  chloride.  Barium  chloride, 
also,  stimulates  somewhat  more  powerfully,  molecule  for  molecule, 
than  does  sodium  chloride,  but  if  equivalents  be  compared,  the  differ- 
ence between  them  is   not  great.     Thus   an   "^  solution   of  sodium 
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chloride  has  a  latent  period  of  only  twenty  to  thirty  minutes,  and  often 
less,  while  barium  chloride  of  ^  has  about  the  same  latent  period. 
The  reason  why  barium  chloride  stimulates  much  like  sodium  chlo- 
ride is  clear  from  this  table.  Both  cations  have  about  the  same  solu- 
tion tension.  It  is  not  necessary  to  assume,  as  McCallum  has  done, 
that  barium  stimulates.  I  have  shown  on  p.  468  that  barium  chloride 
stimulates  in  the  same  way,  though  not  to  the  same  degree  as  sodium 
chloride.  Since  those  salts  stimulate  of  ivhich  the  cation  is  most  inert, 
stimulation  is  not  due  to  the  cation,  for  were  it  due  to  this  ion,  stimu- 
lation should  be  most  powerful  in  salts  of  which  the  cation  is  most 
unstable,  and  has  a  high  ionic  potential. 

Depression  is  a  function  of  the  cation,  and  of  its  electrical  state.  This 
is  shown  by  Columns  IV  and  V.  The  depressing  power  of  the  salt  in- 
creases with  a  decrease  in  electrical  stability  of  the  cation.  Thus  it 
takes  two  molecules  of  lithium  chloride  to  neutralize  the  stimulating 
action  of  one  molecule  of  rubidium  chloride  ;  but  only  0.8  of  an  equi- 
valent of  nickel  chloride  is  required;  only  0.16  of  copper  chloride, 
and  0.006  of  an  equivalent  of  gold  chloride.  Column  V  shows  that 
the  same  relationships  prevail  for  sodium  chloride,  but  this  salt  being 
less  powerfully  stimulating,  far  less  of  a  depressing  salt  is  required  than 
to  neutralize  rubidium.  Leaving  the  depressant  potassium  chloride 
to  be  explained,  the  results  permit  the  following  conclusion:  The 
depressant  power  of  any  cation  varies  inversely  with  its  solution  tension, 
or  directly  with  its  ionic  potential,  i.  e.,  with  its  electrical  instability. 

For  the  anions.  Table  XII  expresses  the  relation  of  stimulating  ac- 
tion of  sodium  salts  to  the  electrical  state  of  the  anions.  Column  1 1 
gives  the  solution  tension  of  a  few  anions,  and  Column  III  enables  a 
comparison  of  stimulating  powers  by  means  of  the  latent  period  ;  the 
longer  the  latent  period,  the  weaker  stimulant  is  the  salt.  The  solu- 
tion tension  of  most  anions  is.  unfortunately,  so  uncertain  as  not  to 
permit  of  a  more  extended  comparison. 

With  the  exception  of  the  fluoride,  it  will  be  seen  that  the  more  stable 
the  anion,  ('.  e.,  the  higher  its  solution  tension,  t/ie  less  stimulant  the 
salt.  In  the  iodate  is  an  anion  so  inert  electrically,  or  of  so  low  a 
voltage,  that  sodium  iodate  depresses.  The  iodide  is  a  stronger  stimu- 
lant than  the  chloride  and  its  ionic  potential  is  higher.  The  oxalate 
and  hydrate,  which  are  certainly  unstable,  stimulate  powerfully. 

Stimulation  is  hence  a  function  of  the  anion,  and  is  directly  propor- 
tional to  the  electrical  instability  of  the  anion.  This  strongly  confirms 
the  hypothesis  that  the  anions  stimulate  by  means  of  their  electrical 
condition. 
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An  examination  of  other  anions  also  confirms  this  hypothesis.  The 
sulphite,  for  example,  is  an  unstable  anion,  readily  oxidized.  It  gives 
up  a  negative  charge  easily.     The  sulphite  stimulates  powerfully. 

These  facts  show  that  the  physiological  action  of  any  ion  is  a 
function,  in  part  at  least,  of  its  electrical  stability.  The  more  stable 
the  ion  (the  lower  its  potential),  the  more  inert  it  is,  and  vice  versa. 
The  facts  show  also,  I  think,  beyond  question,  the  opposite  action  of 
the  two  ions,  and  the  truth  of  the  hypothesis  that,  for  the  motor  nerve 
at  least,  the  cation  depresses,  the  anion  stimulates.  Chemical  stimula- 
tion apart  from  slimulafion  by  osmosis  is  thus  shown  to  be  in  reality 
electrical  in  its  character. 

TABLE   XII. 


Anions. 

Soluiion 

teniion 

in 

volts. 

Latent  period 
in  minutes  for 
Na  salt!  in  J 

10, 

2356 

DepreMe*. 

CI 

1«94 

1S0-2W 

B. 

1.270 

150-200 

I 

079 

60-120 

BrO, 

0727 

30 

Fl 

228(?) 

20 

Oxalate 

ai09 

10 

OH 

<as.'i7(>) 

5 

Ciiraie 

0.Z 

10 

b.  .  Ot)i«r  faoton  detvimlulug  Ionic  action.  —  Exceptions  to  the  law 
just  stated  will  be  noticed.  Potassium  chloride  depresses,  whereas 
potassium  has  a  high  solution  tension;  sodium  fluoride  stimulates, 
whereas  the  fluorine  ion  is  supposed  to  have  a  very  high  ionic  sta- 
bility. Sodium  iodide  is  not  very  greatly  more  powerful  than  the 
chloride  as  a  stimulant,  although  iodine  has  a  solution  tension  only 
half  that  of  chlorine.  Were  the  solution  tension  or  electrical  sta- 
bility the  sole  factor  determining  ionic  action,  the  iodides  of  lithium 
and  strontium  should  stimulate;  but  they  do  not.  It  is,  therefore, 
clear  that  while  ionic  stability  is  the  main  factor  determining  the 
degree  of  ionic  action,  it  is  not  the  sole  factor.     I  accordingly  turned 
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to  the  other  properties  of  ions  for  an  explanation  of  these  excep- 
tions. The  velocity  of  different  ions  varies.  It  seemed  probable 
that  this  must  necessarily  determine  in  part  differences  in  efficiency 
of  different  ions. 

The  faster  an  ion  moves  the  more  completely  will  it  separate  itself 
from  the  opposite  ion,  the  greater  will  lie  its  mean  free  path,  and  the 
more  efficient  physiologically  it  should  be.  Physiological  action 
should  vary  directly  with  velocity  and  inversely  with  solution  tension, 

y 
or  Action  =  p.  By  this  correction,  potassium  ceases  to  be  excep- 
tional. The  high  velocity  of  this  ion,  i.  t.,  65.3.  is  so  much  greater 
than  sodium,  1.  e.,  44.4,  that  the  potassium  is  actually  more  depres- 
sant than  the  sodium,  in  spite  of  its  somewhat  smaller  ionic  potential. 
The  enormous  activity  of  hydrogen  and  hydroxyl  ions  is  also  ex- 
plained, since  in  the  former  case  this  ionic  velocity  is  318  and  in 
the  latter  174.  The  general  improvement  in  relationships  pro-  * 
duced  by  this  correction  is  marked.  Many  exceptions  remain  unex- 
plained, however,  particularly  the  low  efficiency  of  the  iodide  and  the 
great  efficiency  of  rubidium  and  barium  salts.  Also  this  correction 
would  make  lithium  salts  stimulating,  since  by  the  above  formula  the 
relative  depressing  powers  are  sodium,  17.4S;  lithium,  14.641  and 
potassium,  22.36. 

Ionic  weight. — The  other  main  variation  in  ions  is  their  weight. 
That  this  may  l>e  important  is  shown  as  follows:  while  ionic  action  is 
due  to  the  charge,  the  atom  relieved  of  its  charge  will  have  an  oppo- 
site action.  Suppose  this  action  to  he  proportional  to  its  weight. 
Physiological  action,  therefore,  will  vary  directly  with  the  charge,  and 
inversely  with  the  atom  (atomic  weight). 


Action  = 


Equivalent  weight      wt      E  wl 


The  introduction  of  this  factor  clears  up  many  of  the  exceptions. 
Thus  iodine,  which  by  its  potential  should  be  a  very  powerful  stimu- 
lant, is  reduced  nearly  to  the  level  of  chlorine,  because  of  the  depres- 
sant action  of  its  atom.  Barium,  of  the  same  potential  as  sodium, 
becomes  a  weaker  depressant  because  of  its  greater  weight. 

After  several  trials,  the  following  formula  was  found  to  permit  a 
computation  of  the  action  of  many  ions.  This  formula  is  tentative 
only.     Possibly  the  introduction  of  a  factor  representing  more  ac- 
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curately  the  mean  free  path  of  the  ion  would  give  a  more  satisfactory 
expression. 


In  which  V^  is  the  square  of  the  velocity  ;  E  is  the  solution  tension, 
and  W  is  the  equivalent  weight. 

Why  the  action  of  an  ion  should  be  proportional  to  the  square  of 
the  velocity,  or  why  the  efficiency  of  the  atom  should  be  propor- 
tional to  the  square  root  of  the  equivalent  weight,  I  do  not  see. 
These  values,  however,  give  much  closer  agreement  with  the  observa- 
tions than  any  other  powers  that  I  have  tried.  It  may  be  recalled 
that  the  velocities  of  the  molecules  of  two  simple  gases  are  also  pro- 
portional to  the  square  roots  of  their  atomic  weights. 

These  formula:  give  numerical  values  of  the  ions,  as  is  shown  in 
Table  XIII.  The  data  are  not  altogether  satisfactory  for  solution 
tension  in  particular,  but  while  quantitatively  incomplete,  they  are 
interesting. 

The  values  used  for  V,  were  taken  from  Kohlrausch  and  Holborn's 
Tables,  and  represent  V M  infinite  dilution.  I  have  used  these  values 
in  computing  the  action,  at  all  concentrations,  for  the  reason  that  at 
great  dilution,  the  other  factors  of  ionic  and  molecular  friction  in- 
volved in  the  velocity  numbers  are  reduced  to  a  minimum,  and  the 
figures  probably  represent  more  nearly  the  actual  relative  velocity  of 
the  ions  at  any  moment,  than  the  figures  given  for  greater  concentra- 
tions. The  values  for  solution  tension  were  taken  for  (1 «  solutions. 
The  figures  in  the  table  represent,  therefore,  the  relative  depressing 
power  of  the  cations  in  ^^^  ionic  solutions ;  and  the  stimulating  power 
of  the  anions  in  the  same  concentration.  For  those  ions  of  which 
the  solution  tension  is  negative,  E  has  been  put  in  the  numerator, 
since  for  these  ions  the  depressing  power  will  vary  directly  with  the 
numerical  value  of  the  solution  tension.  It  is  impossible  with  this 
formula  to  compare  directly  the  numerical  values  of  ions  having  a 
positive  sign  with  those  having  a  negative  sign,  since,  owing  to  the 
fact  that  the  solution  tension  becomes  zero,  the  depressing  value  ap- 
pears to  pass  through  infinity. 

By  an  inspection  of  Table  XIII,  it  is  seen  that  the  numerical  values 
of  ions  of  high  solution  tension  indicate  fairly  well  the  physiological 
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activity  of  the  ion.  Thus  the  bromides  are  known  to  be  more  depres- 
sant than  the  chlorides.  The  table  shows  that  the  bromine  ion  has  a 
stimulating  value  markedly  less  than  that  of  chlorine  or  iodine.  The 
iodides  certainly  stimulate  more  powerfully  than  the  chlorides,  and 
corresponding   with    this    the    iodine   ion   has   a   stimulating   value 

TABLE  xm. 
Table  showinc.  Dupmessinc  Powkk  op  Cations  and  Stimulating  Power  of 


Cation*. 

Anion.. 

Slim  Dialing  power. 

Ba 

IS4.19 

lO, 

90.05   (computation  uncertain.) 

Kb 

1S7.89 

Br 

377.09 

Na 

15S.2S 

CI 

416Z7 

Ci 

131.54  (?) 

1 

46226 

JSr 

189.59 

OH 

6J08.5 

4  Li 

191  £6 

iso. 

3180     (computation  uncertain.) 

iMg 

396.00 

ic,o, 

4,335.9     (compuution  uncertain.) 

iCa 

312.49 

CaH.O, 

579.8    (computation  uncertain.) 

K 

229J6 

BrO, 

65905 

iAl 

401.11 

JMn 

553.64 

iZn 

758.18 

iCo 

S781.S 

iNi 

5496.1 

iPb 

-36*6 

JCu 

-250.88 

Ag 

-295.17 

II 

-22.045,8 

(462.26)  greater  than  chlorine  (416.27).  The  hydrates  all  stimulate 
powerfully,  and  this  corresponds  with  the  very  high  value  of  the  O  H 
ion.  The  computation  for  the  iodatc  is  so  uncertain  as  to  render  its 
numerical  value  almost  valueless;  nevertheless,  the  iodate  is  seen  in 
any  case  to  possess  a  very  small  stimulant  power. 
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The  bromate,  on  the  other  hand,  when  computed  in  the  same  man- 
ner as  the  todate,  is  found  to  have  a  high  stimulating  power,  and  the 
bromates  certainly  stimulate  the  nerve  powerfully.  With  the  cations, 
the  various  ions  arrange  themselves  very  nearly  in  the  order  in  which 
they  occur  in  the  experiments.  Barium  and  rubidium  are  less  de- 
pressant than  sodium,  and  their  corresponding  salts  accordingly  stim- 
ulate more  powerfully.  Lithium  and  strontium  are  more  depressant 
than  sodium;  potassium  has  a  value  of  229.36,  showing  it  to  be  an 
intense  depressant.  The  only  prominent  exception  among  the  cations 
is  caesium,  which  ought  to  depress  less  than  sodium,  whereas  caesium 
salts  do  not  stimulate  so  powerfully  as  sodium.  This  exception  can- 
not at  present  be  explained.  Rubidium,  also,  does  not  have  a  value 
sufficiently  low  to  explain  the  intense  stimulation  by  rubidium  salts; 
although  a  better  agreement  between  its  observed  and  calculated 
value  is  reached,  if  the  speed  of  its  diffusion  is  taken  into  account. 

In  spite  of  these  few  exceptions,  therefore,  for  all  simple  anions 
and  cations  the  results  obtained  by  the  formula  place  the  ions  in  the 
same  order,  and  nearly  in  the  same  numerical  relation  to  each  other 
as  regards  power,  as  the  experimental  evidence  indicated. 

The  complex  anions  cannot,  with  present  information,  be  com- 
puted in  this  manner,  for  the  reason  that  the  factor  E,  for  mast  of 
them,  is  altogether  uncertain.  I  hope,  however,  that  the  true  solu- 
tion tension  of  these  ions,  or  rather  their  ionic  potential,  will  soon  be 
determined,  and  when  that  is  done,  their  true  physiological  value 
computed.  I  have  computed  the  value  of  the  oxalate  and  acetate 
ions  indirectly  from  the  heat  of  formation,  deducting  from  this  the 
heat  of  formation  of  their  decomposition  products,  /.  e.,  carbon  dioxide 
and  ethane.  I  believe  from  the  physiological  action  that  this  value 
for  the  oxalate  ion  is  at  least  approximately  correct. 

o.  Computation  of  the  stimalating  and  depressing  power  of  any 
Mdt.  —  From  the  foregoing  values  the  total  stimulating  power  of  a 
salt  may  be  computed  as  follows : 

The  stimulating  power  varies  directly  with  the  anion,  and  inversely 
with  the  efficiency  of  the  cation. 

ir  =  -  where  ir  =  the  stimulating  power.  Substituting  the  values 
for  A  and  (Tjust  derived. 

_A  _     E„IV}     _  y,^E,w} 
E.W} 
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In  computing  for  any  given  concentration,  a  correction  must  be 
made  for  the  change  in  solution  tension  from  normal  to  this  con- 
centration. This  change  equals  o-o^sj^  volts  for  each  ten  times  the 
dilution  is  increased  or  diminished.  In  place  of  Ec,  therefore,  the 
value  Ec  +  "'"'^  log  J  must  be  substituted.  V^  is  given  either 
by  the  transport  numbers  of  Hittorf,  or  by  the  conductivity 
measurements.' 

TABLE   XIV. 


Stimi;i.ating  Action  measurkd 

V  TiiK  Ratio  of  thb  A 

NION   TO  THE 

Catios  fok 

li,   SOLUTrONS, 

Stimulite. 

1                               Depress. 

N.OH 

39,8S 

JHrl, 

2.438 

iSr(OH), 

33.ZS 

Lil 

2375 

LiOH 

3^41 

1  SrCI, 

2.196 

*  N^CO, 

27  J9 

LiCl 

2.138 

NiCOjCH, 

3663 

KI 

2.015 

Nal 

2.921 

iSrBr, 

1.989 

i  BaCI, 

2-700 

1                     LiBr 

1.937 

NaCI 

2.630 

!                 KCl 

1.815 

RbCl 

2JS37 

Klir 

1.6H 

NaBr 

2.382 

iCal, 

1.479 

i  CaCI, 

1,332 

iCaBr, 

1.207 

,.              i  MgCI, 

1.051 

1                 HC] 

-0.0189 

1                    AgCl 

-1.410 

Inasmuch  as  the  number  of  ions  varies  in  different  salts  at  the 
same  concentration,  it  is  necessary  to  introduce  a  factor  to  represent 
this  variable.  The  expression  must  hence  be  multiplied  by  a,  which 
represents  the  per  cent  of  dissociation  at  concentration  c. 

Finally  a  correction  must  be  made  for  the  speed  of  diffusion.  It  is 
obvious  from  the  laws  of  electrical  stimulation,  by  which  the  stimu- 


1  KoHLRAUSCH  and  Hi 


Leilvermtigen  der  £lektrol)-te,  189S,  p.  : 
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lating  power  is  an  inverse  function  of  the  time  required  to  reach  a 
certain  intensity  of  current,  that  the  same  factor  must  prevail  also 
here.  Given  two  salts,  one  of  which  has  a  slightly  greater  speed  of 
diffusion  than  the  other,  it  is  clear  that  it  will  thereby  stimulate 
more  powerfully.  This  factor  is  represented  by  the  diffusion  co- 
efficient D  of  the  salt.     This  is  obtained  by  the  formula:  ' 

D  =  0.04485  ;7^  ['  +  0-0034  (/  -  i8)] 

The  formula  thus  corrected  is  as  follows : 

w  =  aD L "—     ../J 

The  figures  given  in  Table  XIV  have  been  computed  by  the 
foregoing  formula,  leaving  out  a  and  D,  and  represent  the  stimu- 
lating power  of  the  salt  as  measured  by  the  ratio  between  the 
anion  and  the  cation.  The  figures  have  not  been  corrected  for 
jE>,  nor  for  dissociation  differences,  but  represent  what  the  relative 
stimulating  powers  would  be  in  ^  solutions,  if  all  the  salts  had  the 
same  rate  of  diffusion  and  were  equally  dissociated. 

By  an  inspection  of  this  table  it  may  be  seen  that  to  stimulate  the 
motor  nerve  of  the  frog  all  salts  must  have  a  ratio  equal  to,  or  greater 
than  the  ratio  of  -jr=-  or  2.382.  The  stimulating  power  of  all  salts  is 
greater  as  their  ratios  are  greater  than  this  number.  All  salts 
haying  a  ratio  tower  than  this  depress,  and  they  depress  the  more 
powerfully  the  smaller  the  ratio.  Thus  calcium  bromide  is  shown 
to  be  an  intense  depressant,  since  the  ratio  is  only  1.207,  or  about 
one-half  that  necessary  to  stimulate. 

The  exact  limiting  ratio  of  stimulation  will,  of  course,  vary  with  the 
changes  In  irritability  in  the  nerve,  and  there  will  be  variations 
between  different  tissues.  Thus  the  sciatic  nerves  of  summer  frogs 
require  for  stimulation  salts  having  a  ratio  of  about  3.0. 

The  ratio  thus  obtained  represents  the  ratio  between  the  sine  and 
cosine  of  an  angle.  I  have  plotted  some  of  the  values  thus  obtained 
graphically  in   Fig.  i.    The  ordinates  represent  the  values  of  the 

'  Nbrnst:  Theoretische  Chemie,  3d  edition,  1900,  p.  361. 
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anions ;  the  abscissae,  the  values  of  the  cations.  The  line  OA  drawn 
through  sodium  bromide  representing  the  ratio  2.382,  is  approxi- 
mately the  neutral  line,  and  separates  all  salts  which  stimulate  from 
those  which  depress.  Depressant  salts  are  plotted  with  a  star; 
stimulant  salts  with  a  cross. 


+    +    +  f 


Figure  1. —  The  straight  line  OA  separates  the  stimulating  {lefi)  from  the  depreSEing 
salti  (right).  The  ordinates  represent  the  stimulating  values  of  the  anions,  and  the 
absdssx,  the  depressing  values  of  the  cations  (Table  Xltl). 

From  this  chart  it  may  be  seen  at  a  glance  that  the  hydrates  of 
strontium,  lithium,  and  potassium,  must  stimulate  powerfully. 

Exceptions.  —  There  is  one  exception,  i.  e.,  strontium  iodide,  which 
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lies  above  the  stimulating  line.  Furthermore,  rubidium  chloride 
does  not  occupy  the  strong  stimulating  position  it  should.  Lithium 
iodide,  also,  was  not  found  to  stimulate  as  strongly  as  its  position 
would  indicate.  These  exceptions  disappear  if  the  corrections  be 
made  for  speed  of  diffusion  and  ionic  concentration,  or  the  disso- 
ciation. Any  salt  having  a  stimulating  ratio  will  stimulate  more 
powerfully  the  more  rapidly  it  diffuses.  It  is  clear  that  even  though 
a  salt  have  a  ratio  sufficient  to  stimulate,  it  may  penetrate  so  slowly 
as  to  produce  so  gradual  a  change  in  the  nerve  as  not  to  excite  a 
nerve  impulse  strong  enough  to  cause  contraction  of  the  muscle. 

With  these  corrections  applied  the  following  values  are  obtained: 
for  NaBr  tor  D'*  a",  t .963 ;  for  Sri,  for  D^' a''  :  i ,646.  Thus  stron- 
tium iodide  is  found  to  be  less  stimulant  than  sodium  bromide,  which 
agrees  with  the  observation. 

Sodium  acetate  has  too  high  a  value,  and  rubidium  chloride  too 
low.  The  acetate  is  about  as  powerful  a  stimulant  as  sodium  chloride, 
while  rubidium  chloride  is  many  limes  as  powerful.  When  correc- 
tions are  made  for  D^a^^  the  following  values  are  obtained: 

NaCI  =  a.6s9 

NaBr  =  3.409 

Na  acetate  =  2.41S 
RbCI  =3.918 

In  other  words,  with  this  correction  the  acetate  should  lie  in  stimu- 
lating power  between  the  chloride  and  bromide,  which  agrees  with 
the  observations.  Rubidium  chloride,  because  of  its  great  speed  of 
diffusion,  acts  as  a  more  intense  stimulant  than  its  ratio  indicates,  and 
is  thus  found  to  he,  as  it  is,  more  intense  in  its  action  than  sodium 
chloride.  Similarly,  the  depressant  power  of  potassium  chloride  is 
undoubtedly  enhanced  by  its  great  speed  of  diffusion.  On  the  other 
hand,  caesium  chloride  and  sodium  fluoride  remain  exceptions  which 
cannot  at  present  be  explained. 

In  Table  XV  are  figures  which  measure  the  stimulating  power  of 
the  salt  in  another  way.  A  portion  of  the  total  action  of  any  salt  is 
due  to  the  anion,  and  will  he  equivalent  to  the  anion  divided  by  the 
sum  of  the  anion  and  cation  as  follows: 


E.  tyj      £,  W} 
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Similarly,  the  part  of  the  action  due  to  the  cation  is: 


E,  W}      E,  W} 


The  stimulating  action  of  the  salt  must  be  equal  to  the  stimulating 
action  of  the  anion,  plus  the  stimulating  action  of  the  cation.  Re- 
membering that  the  stimulating  action  of  the  cation  is  itegative,  this 
gives  the  following  formula  : 


E,  W} 


E,W, 


.ATiKa   Action   ^ 


E„  W}      E,  W} 
_  (  f„'  E,  W}  -  Vf-  E„  IV}) 
"    K'E^fV,^  +  y,''  E„  w) 

TAHLE   XV. 

KASURED    HV   TtlE    SUM    OP    THE 

A  -C 
THE  Two  Ions—    .—r-i.- 


NaOH 

awi 

LiCI 

0J63 

Nal 

0.490 

1  SrCI, 

0J74 

iBaCI, 

OAS-i 

LiBr 

0J19 

NaCI 

0.449 

KI 

0.337 

N»Br 

a409 

KCI 

0.289 

Lit 

0.407 

KBr 

0,244 

The  results  may  be  obtained  directly  from  the  values  given  in 
Table  XIII  as  follows  : 


For  NaCI  stimulation  = 


A-^-  C      416.17  +  158.28 

Table  XV  shows  that  a  salt  must  have  a  stimulating  value  of  0.409 

at  least  in  order  to  stimulate.     In  aluminium  chloride,  the  two  ions 

A  —  C 
have  almost  the  same  value,  and  — ^  will  be  nearly  zero. 
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Summary  and  Conclusion. 
The  facts  of  chemical  stimulation  stated  in  the  foregoing  pages 
may  be  summarized  as  follows  : 

1.  Nearly  all  electrolytes  and  non-electrolytes  will  stimulate  the 
sciatic  nerve  of  the  frog  in  solutions  having  an  osmotic  pressure  of 
about  fourteen  atmospheres.  This  stimulation  is  not  due  to  the  elec- 
trical condition  of  the  solution,  since  it  is  common  to  electrolytes  as 
well  as  to  non-electrolytes.  It  is  not  due  wholly  to  the  extraction  of 
water  increasing  the  concentration  of  salts  in  the  outside  of  the  nerve 
and  setting  up  thereby  a  concentration  chain,  since  the  non-electro- 
lytes stimulate  nearly  or  quite  as  powerfully  in  such  solutions  as  the 
electrolytes.  This  stimulation  is  probably  due  to  the  extraction  of 
water  setting  up  a  definite  change  in  the  colloids  of  the  nerve,  render- 
ing the  protoplasmic  hydrosol  unstable. 

2.  Many  electrolytes  stimulate  in  solutions  which  are  so  dilute 
as  not  to  extract  water.  This  stimulation  is  due  to  the  electrical 
condition  of  the  solution.  All  anions  have  a  stimulating  action;  all 
cations,  a  depressing  action.  This  is  shown  by  the  facts  adduced,  as 
well  as  by  the  well  known  phenomena  of  electrical  stimulation,  in 
which  the  opposite  electrodes  have  opposite  actions. 

3.  The  tons  are  minute,  freely  moving  electrodes  of  different 
voltages. 

4.  The  physiological  action  of  any  ion  depends  ( l )  on  its  concen- 
tration ;  (2)  on  the  sign  of  its  electrical  charge;  (3)  on  its  electrical 
stability  or  ionic  potential.  Its  action  is  also  modified  by  its  velocity 
and  weight;  the  faster  it  moves,  the  more  powerful  it  is;  the  heavier 
it  is,  the  less  powerful. 

5.  Physiological  action  is  hence  dependent  upon  the  electrical  state  and 
stability  of  the  ion  and  is  independent  of  chemical  composition,  except  as 
the  chemical  composition  may  influence  its  velocity  and  weight. 

6.  Whether  any  salt  stimulates  or  depresses,  depends  upon  the 
relative  efficiency  of  its  anion  and  cation.  If  the  anion  markedly 
predominates,  as  in  hydrates,  the  salt  stimulates ;  if  the  cation  pre- 
dominates, the  salt  depresses. 

7.  Numerical  values  for  the  different  ions  in  normal  concentrations 
may  be  computed  from  the  following  formula: 

.    ■  ^ 

Action  =  — — . 
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V=  velocity;    E  =  solution   tension  at   normal  concentrations; 
W=  equivalent  weight. 

S.   Tlie  stimulating  power  of  a  salt   may   be  represented  as  the 
ratio  of  the  anion  to  the  cation  as  follows: 


V„^  VE,  +  ^^  leg  ~1  W} 


9.  To  this  formula  corrections  must  be  made  for  speed  of  diffusion 
and  dissociation.  Certain  exceptions,  i.e.,  csesium  and  fluorine,  were 
noted  but  not  explained. 

1  o.  Chemical  stimulation  is  thus  shown  to  be  electrical  and  dependent 
upon  the  electrical  charges  of  tiu  ions.  Electrical  stimulation  is  pro- 
duced by  modifying  the  distribution  of  ions  in  the  nerve  and  thus 
altering  their  concentration  as  Nernst  suggested. 

II.  Further  evidence  in  support  of  these  conclusions  wilt  be  given 
in  subsequent  papers. 
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